l^epAodaced 
luf-  Ute 


r 


ARMED  SERVICES  TECHNICAL  INFORHAHON  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTON  12.  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  Incurs  no  responsihlllty,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  6r  other¬ 
wise  as  In  any  manner  licensing  the  holder  or  cmy 
other  person  or  corporation,  or  conveying  any  rlgnts 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


JNiofoa^^  aovasoaay  w 


SCHOOL  OF  MEDICINE 

AEROS'  DIVISION 


LECTURES  IN  AEROSPACE  MEDICINE 


8  thru  'jO  January  1962 


HELD  AT 

SCHOOL  OF  AEROSPACE  MEDiCr-TF 
USAF  AEROSPACE  MEDICIAL  DIVISION  (AFSC) 
BROOKS  AFB,  TEXAS  ' 


1 19S2 


TiSlA 


CONTENTS 


PRESENTATION 


PRESENTED 

BY 


WELCOME  ADDRESS 


Theodore  C.  Bedweil,  Ji 


HISTORY  AND  BACK¬ 
GROUND  OF  ASTRONAUTICS  Paul  A.  Campbell 


OCCUPATIONAL  MEDICINE 

AT  THE  LAUNCH  SITE  Raymond  A.  Yerg 


SELECTION  &  STRESS 

TESTING  OF  ASTRONAUTS  Lawrence  E.  Lamb 


BIO LA)GIC  EFFECTS  OF 
HIGH  ENERGY  PRACTICES 

IN  SPACE  Gerrit  L.  llekliuiii 


P H  Y SlU  L .0 G  iC  N  E C  E  SSITIE S 
IN  SIMULATED  LuN.Aii  .  . 

FLIGHTS  Billy  E.  Wch-h 


BIOMEDICAL  MONITOR ING 

IN-  flight  Janies  A.  Runiau 


PAGE 


.  1  -  b 


7-20 


21  -  44 


45  -  U4 


05  -  70 


77  -  00 


1 


0  /  -  n  4 


C  O  N  T  E  N  S  (Continued) 


n 


li 


ESENTAriON 


PRESENTED 

BY 


PAGE 


WEIGHTLESSNESS:  A 

PH VSIOLOGICAi.  JT<OBLEM  ^ 

IN  SPACE  Bruce  H.  Warren  115  -  134 


NEWER  ASPECTS  OE 
SUBCELLULAK  PHO  TO- 

SYNTHESIS  Daniel  E  Arnon  135  -  15S 


BlO-lNSTRinviENTATION 

you  SPACE  FLIGHT  Kay  W.  Ware 


159  -  172 


WH.M’  CAN  MAN  CO  NTH  J  BUTE 

TO  OPERATIONS  IN  SPACE  Ruberl  V.  Walker  173  -  190 


X  l3UPERAT10NSiN 

PHI; -L UN Ali  STUDIES  Robert  M.  WluU-  191-  210 


RESIXjNoE  OE  MAMMA  MAN 
SYS  TEMS  TO  NON- UNI  FORM 

oPACE  KADLATiON  LOSE  CluuTias  Sundhaua 


211  -  240 


BlU-AeTRONAL.'TiC  SHPIYIRT 

Oi-  I  Hi.  X-  25&:  DV.NA-SUAR  Burl  Ki*v.un  241  -  250 


11 


CONTENTS  (Continued) 


PRESENTATION 


INTERPLANETARY 

ENVIRONMENT 


EXTRA  ••TERRESTRIAL 
LIFE” 


PRESENTED 

BY  PAGE 


Robert  Jastrow  257  -  276 


Stanley  L.  Miller 


277  -  298 


♦  PROPULSION  SYSTEMS 

I-OK  LUNAR  OPERATION  Geoffrey  Robillard  299  -  300 


OCULAR  EFFECTS  OF 
PAUTICULATE  SPACE 

iiADLlTlON  James  F.  Culver  301  -  326 


MONi  rOlUNG  OF  MOON 
BASE  ATMOSPHERES  BY 

GAS  CliROMATOGRAPHY  Thomas  13.  Wuber  327  -  3-16 


THE  KCOLOGiC  PROFILE 

OF  THE  MOON  Huberlus  StrugliolU  3-17  - 


SO  H L  F  SS  G A U  DE  N  IN ( 1 
ON  THE  MOON 


Hai*s  G.  Claniaiiu 


3C0  -  384 


CONTENTS  (Continued) 


PRESENTED 

PRESENTATION 

BY 

PAGE 

THE  LUNAR  CRUST 

FOR  LIFE  SUPPORT 

Jack  Green 

3B5  - 

WHO  OWNS  THE  MOON?  Thomas  A.  Taggart  433  -  44(5 


*  THE  LOGISTICS  OF 
RE-LAUNCH  FROM  THE 

MOON  Krafft  A.  Ehricke  447  -  44B 


*  Those  articles  marked  with  an  asterisk  (*)  were  not  available 
tor  publication. 


IV 


WELCOME 


By 

Brig  Gen  Theodore  C.  Bedwell,  Jr. ,  USAF,  MC 

» 


General  Bedwell  is  the  Commander.  Aerospace  Medical  Division.  He 
received  his  B.  S.  from  S.  M.  U. ;  his  M.  D.  from  Baylor  University: 
and  ids  M.  P.  H.  from  Lae  Johns  Hopkins  School  of  Hygiene  and  Public 
Health,  He  has  had  post-graduate  training  in  Industrial  Medicine  at 
Harvard  School  of  Public  Health.  He  is  a  Fellow  of  the  Aerospace 
Medical  Association,  the  American  College  of  Preventive  Medicine, 
and  Royal  Society  of  Health,  and  has  membership  in  several  other 
national  professional  organizations.  He  is  certified  by  the  American 
Board  of  Preventive  Medicine  in  Aviation  Medicine,  Public  Health 
and  Occupational  Medicine.  He  is  rated  a  Chief  Flight  Surgeon. 


Presented  at  ihe  Lectures  in  Aerospacf  Mcdirint- 
Held  8-12  January  1982 
School  of  Aerospace  Medicine 
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WELCOME  ADDglvijt^ 


By 


Brig  Gen  Theodore  C.  Bedwt-il,  Jr.  ,  USAF,  MC 


It  gives  me  a  great  deal  of  pleasure  to  welcome  such  a  large 
assembly  for  the  1962  Lectures  in  Aerospace  Medicine. 

This  is  the  third  year  that  the  lecture  series  has  been  presented 
by  the  School  of  Aerospace  Medicine.  Each  year  the  attendance  is 
larger  and  more  representative  of  the  many  agencies  with  an  interest 
in  the  field  of  Bioastronautics. 

Your  resixjnse  to  tlie  series  has  been  a  source  of  much  grati¬ 
fication  to  the  School,  to  the  Aerospace  Medical  Center  as  a  whole, 
and  now  to  the  Aerospace  Medical  Division  of  the  Air  Force  Systerms 
Command.  The  central  purixise  in  each  layer  of  our  present  organi¬ 
zation  is  the  .same.  It  is  to  acquire  and  disseminate  the  fullest 
ixissible  knowledge  of  the  functions  and  behavior  of  mail  in  space,  as 
well  as  in  the  earth's  atmosphere. 

You  may  Ijo  interested  in  the  origin  of  this  course  of  lectures. 
As  many  c;f  you  know,  (he  Scliool  of  Aerospace  Medicine  has  a  back¬ 
ground  of  research  and  leaching  in  the  medical  problems  of  human 
fligiit  tliat  reaches  back  to  1918,  when  military  aviation  was  in  its 
infancy.  Fur  many  years,  this  was  tlio  only  institution  engaged  in 
studies  of  ttiat  kind. 

As  tlie  altitude,  ttie  range,  and  the  sjieed  of  flying  vehicles 
increased,  the  sco])e  of  our  studii.’s  naturally  became  broader.  As 
early  as  1946,  when  the  rocket- powered  Boll  X-1  was  being  tested 
at  Edward.s  Air  Force  Base,  we  were  already  looking  toward  the 
iiossibility  of  orbital  and  even  interplanetary  space  craft. 

Tlie  Deiiai’tinent  of  Space  .Medieine  was  eslablislied  at  the 
S<-luiol  in  February  1949.  For  a  number  of  ynar.s,  it  was  uniquely 
oecu])ied  in  making  serious  investigations  of  the  medical  problems 
ol  space  iliglii.  The  jne.ss  and  the  iiublic  loilowed  its  lindinp,s 
ujui  interest,  internu.xed  with  a  certain  amount  ol  tolerant  amuse¬ 
ment.  To  a  large  extern,  it  was  ignored  by  ‘other  scientilic  and 
aerun.iutie.il  agencies. 


Welcome 

Brigadier  General  Theodore  G.  Bedwell,  Jr. 


Since  1957,  when  the  first  Soviet  sputnik  appeared  in  the  sky, 
the  situation  has  been  radically  altered.  Now  a  good  many  other 
institutions  participate  in  space  research  to  a  greater  or  lesser 
degree.  Today,  every  significant  advance  in  the  art  of  maintaining 
man  in  space  is  awaited  with  intense  curiosity,  and  critically  re- 
\iewed  by  all  segments  of  the  scientific-technological  community. 

Until  1959,  as  a  teaching  organization,  the  School  was  con¬ 
cerned  primarily  with  keeping  Air  Force  medical  officers  and  flight 
surgeons  abreast  of  the  many  new  discoveries  and  techniques  in 
this  field  of  practice.  Our  Primary  Course  in  Aerospace  Medicine 
provided  a  reasonably  thorough  survey  of  recent  developments  in 
space  research.  Quite  a  few  graduates  of  the  primary  course, 
when  they  completed  their  military  service,  went  on  to  initiate  siniilai 
studies  of  their  own  in  industry,  in  universities,  o:'  in  other  govern¬ 
ment  agencies. 

We  also  had  and  still  have  an  Advanced  Course  in  Aviation 
Medicine.  It  is  for  career  medical  officers,  planning  to  take  their 
specialty  board  examinations  in  this  area.  And,  finally,  wo  had  a 
review  course  for  practicing  flight  surgeons  in  this  field.  Its  purpose 
was  to  bring  them  up  to  date  in  the  latest  information  on  effects  of 
liigh-altitudo,  high-speed  flight  and  related  problems. 

After  wc  moved  over  here  to  Brooks  in  1959,  and  establ-ished 
the  Aerospace  Medical  Center,  we  found  that  we  liad  facilities  for 
a  soniewliat  wider  teaching  effox’t  than  the  limited  one  we  had  carried 
on  at  Randolph  Air  Force  Base,  It  was  realized  tJiat  the  School  of 
Aerosi)ace  Medicine,  in  its  forty-odd  years  of  research,  had  stored 
up  an  unparalleled  background  of  knowledge,  discriminating  judgement, 
and  experience  in  su.staining  flight  at  the  Ujiders  of  the  atmosi)here 
and  beyond.  We  felt  that  this  background  should  be  made  available 
to  utJier  agencies  which  were  now  entering  the  same  field. 

So,  in  .January  19G0,  we  undertook  this  lecture  series  for  the 
first  time.  It  was  designed  specifically  foi  medical  researcii  per- 
s<.u)]U'i  in  aerospace  industry,  for  professors  in  medical  schools, 
and  for  .^elec^cd  laymen,  including  members  of  the  ])re.ss  who  wore 
a.ssiened  ti<  reix»rf  on  space  technology  .and  nnr'rations.  Beside.s, 
it  is  addressed  to  non-medical  administrators,  ixjtli  militai  y  ajid 
civilian,  who  are  active  in  the  management  of  Biuastronautics  pro- 


Welcome 

Brigadier  Geiierai  Theodore  C.  Bedwell,Jr. 


In  my  opimon,  the  lectures  have  shown  themselves  to  be 
a  valuable  way  to  widen  the  knowledge  of  recent  progress  in  the 
human  aspects  of  space  flight.  Their  success  amply  justifies 
our  effort  to  extend  this  knowledge  beyond  the  boundaries  of  Air 
F’orce  Medicine. 

Our  invariable  objective  in  the  courst*  is  to  explore  the 
areas  of  greatest  interest  and  importance  at  the  time  it  is  given. 
As  you  would  expect,  there  have  been  substantial  changes  in  the 
content  of  the  lectures  over  the  past  three  years.  PYom  a 
generalized  picture  of  the  space  medium  and  its  medical  effects, 
the  progression  has  been  toward  specific  operational  problems 
and  goals. 

Three  years  ago,  we  gave  much  of  our  attention  to  the 
biophysics  of  the  aerospace  environment,  and  to  celestial  bodies 
including  the  sun,  the  nearer  planets,  and  the  moon.  A  good 
part  of  the  pi’ogram  dealt  with 'basic  studies  of  radiation,  of 
acceleration  forces,  propulsion  systems,  the  composition  and 
control  of  cabin  atmospheres,  and  surveys  of  the  space  programs 
then  projected  or  under  way. 

Much  of  this  material  now  has  becoine  so  well  known  that 
it  can  be  taken  for  granted.  Instead,  this  year  we  concentrate 
to  a  large  extent  on  actual  medical  conditions  encountered  in 
space  flight  activities  at  this  time  -  for  example,  in  selecting 
astronauts,  in  monitoring  their  performance,  or  in  weighing 
the  data  obtained  from  maimed  test  vehicles,  such  as  the  X-15 
and  the  two  suborbital  mercury  capsules  which  were  sent  aloft 
over  the  Atlantic  in  1961, 

We  are  now  embarked  on  a  definite  program  to  place  a 
])ariy  of  American  astronauts  on  the  moon  before  the  end  of 
this  decade,  and  perhaps  as  early  as  1967.  So  a  considerable 
ixjrlion  of  the  current  lecture  series  is  devoted  to  lunar  problems. 
They  include  specific  medical  effects  which  can  be  expected  during 
tlie  flight  and  the  landing,  conditions  on  the  surface  of  the  moon, 
and  tentative  expi'rimenlal  results  to  be  obtained  by  the  expedition. 

One  of  the  major  paradoxes  of  our  time  lias  been  brought 
alxjul  by  the  rajiid  jjrogress  of  recent  yf^ars  in  science  and  techno¬ 
logy.  A  vast  amount  of  new  and  vital  knowledge  about  matter  and 


Welcome 

Brigadier  General  Theodore  C.  Bedwell.  Jr. 


its  behavior  has  been  uncovered.  But  the  products  of  research 
are  so  numerous  and  so  scattered  that  they  pose  a  formidable 
problem  simply  to  assemble  and  digest  those  which  are  relevant 
to  one’s  own  work. 

The  Lectures  in  Aerospace  Medicine  are  an  attempt  to  deal 
with  this  problem  in  one  field  of  science  and  technology.  They 
offer  an  important  advantage  over  the  many  scientific  meetings 
which  are  scheduled  nowadays  in  that  the  material  is  collected 
by  research  specialists  and  reduced  to  an  orderly  preseriLauuu 
once  a  year. 

The  Scliool  of  Aerospace  Medicine  is  able  to  perfoi’m  tJiis 
service  because  ii  is  a  teaching  facility  as  well  as  a  research 
institute.  We  carry  on  this  activity  anyway  for  our  Air  Force 
medical  offit  ers  and  technicians.  So  it  is  with  added  satisfaction 
tliat  we  offer  the  same  material  to  others,  like  yourselves,  who 
have  a  similar  need  for  this  kind  of  knowledge. 

The  entire  staff  of  the  Aerospace  Medical  Division  joins 
mo  in  making  you  welcome  here  at  Brooks.  We  are  glad  to 
have  you  witli  us,  and  we  hope  that  you  will  gain  as  mucli 
benefit  from  the  course  as  we  derive  by  pi’esenting  it. 
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HISTORY  AND  BACKGROUND  OF  ASTRONAUTICS 

By 

Colonel  Paul  A.  Campbell,  USAF,  MC 


Colonel  Campbell  is  a  member  of  the  Advanced  Studies  Group.  Aei'o- 
space  Medical  Division.  He  earned  his  Sc.  B.  at  the  University  of 
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Chicago.  He  has  Iiad  post-graduate  medicine  at  the  University  of 
Vienna.  He  holds  membership  in  numerous  professional  societies. 

Ho  is  certified  by  the  American  Board  of  Otolaryngology  and  American 
Board  of  Preventive  Medicine  (Aviation  Medicine).  He  is  a  Fellow  of 
the  Amei'ican  Medical  Association,  Aerospace  Medical  Association, 
American  Astronautical  Society,  and  British  Interplanetary  Society. 

He  is  rated  a  Chief  Flight  Surgeon. 
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HISTORY  AND  BACKGROUND  OF  ASTRONAUTICS* 


By 

Colonel  Paul  A.  Campbell,  USAF,  MC 

Soon  an  era  of  expanded  science  and  technology  will  culminate 
in  rather  commonplace  space  travel.  Thus,  it  is  extremely  interest¬ 
ing  to  study  the  diverse  roots  which  have  nurtured  the  developments 
and  which,  in  turn,  have  made  such  an  event  possible.  The  roots  dip 
their  tendrils  into  many  disciplines.  Each  and  every  student  of  the 
history  of  astronautics  will  undoubtedly  have  his  own  idea  of  the  roots 
their  courses,  and  the  greatness  of  their  contribution.  Mine  are  en¬ 
compassed  in  Figure  1.  ’The  top  root  is  that  of  the  contributions  of 
astronomy  and  related  subjects  which  have  formed  the  background  tor 
astronautics.  The  second  root  has  to  do  with  the  communicators; 
those  who  through  one  medium  or  another,  in  one  w'ay  or  another, 
communicated  ideas,  research  and  philosophy,  or  just  encouragement 
to  others.  The  third  root  encompasses  the  science  and  technology  of 
rocketry,  whose  reaction  principle  and  capability  of  carrying  its  own 
oxidizer  gave  man,  for  the  first  time,  a  vehicle  effective  above  the 
atmosphere  and  capable  of  travel  in  the  vacuum  of  space.  The  fourth 
root  is  that  of  aeronautics,  and  the  fifth,  that  of  medicine,  biology, 
and  related  subjects  which  have  been  extended  tlu’ough  aviation  med¬ 
icine  into  space  medicine. 

Let  us  begin  with  the  line  of  which  astronomy  has  been  tlie 
major  contributur.  The  mythology  of  all  the  peoples  of  the  Earth 
contain  l  eierences  to  tlie  heavenly  bodies  whose  nightly  .splendor 
they  licld  in  a\vc--eitlier  worshiping  the  celestial  bodies  or  fearing 
lliem.  The  Babylonians  gave  their  Moon  Goddess  the  lovely  name 
of  Cvntlua  irom  which  uui‘  word  Sin  has  derived.  The  cereal  growers 
of  the  Earth;  Babylonia,  Egyiit,  China,  Japan;  the  Incas,  Maya  and 
Aztec  populations--all  recognized  the  existence  of  a  correlation  be¬ 
tween  the  nightly  parade  of  the  conslellaiions  with  growing  seasons,, 
lltjuiling  of  rivers,  etc.  The  annual  parade  of  the  constellations 
gave  them  a  (.'aleiidar  in  the  lieaven.s;  the  changes  in  tlie  Moon,  their 
lir.ie  of  month,  and  the  niu.emeiil  of  Uie  Sun,  their  Lime  of  day.  Tlie 
calendars  which  liave  sprung  uji  w.th  each  of  tlic  early  civilizations 
reflect  these  changes.  11'  llu'  movements  of  the  constcllatiutis  could 
predict  the  events  of  the  EarlJi  so,  tou,  tliey  reasoned,  could  they 
jn  edict  the  events  of  man.  Thus,  tlie  astrologer  came  into  being, 
lurmshmg  his  predictions  and  hoping  he  was  right.  In  the  early  days 
the  astronomer  was  liie  handmaiden  ol  the  asirologei",  turnishing  tlie 
data  from  which  the  astrologer's  predicijfiiis  (jr  fabricaUuns  tx'uid 
be  fasluoiied  from  whole  clotli. 

*The  conUiits  ot  this  pajier  reflect  tin;  i}t*r.sonai  views  oi  the 
author  and  are  not  to  be  construed  as  a  .statement  ol  ofiiciai  United 
■Suites  Air  Force  pulley. 


History  and  Background  of  Astronautics 
Colonel  Paul  A.  Campbell 


About  the  year  540  B.  C.  a  Babylonian  exchange  student  was 
instrumental  in  founding  a  school  of  astronomy  on  the  Greek  island 
of  Cos.  Here  the  so-called  S:iros.  a  cycle  of  223  lunations  requiring 
a  period  of  18  years  and  11  days,  during  which  the  moon  returns  al¬ 
most  precisely  to  its  same  place  in  the  heavens,  was  determined. 

The  knowledge  of  this  cycle  made  eclipse  predictions  possible  and 
began  rhe  demonstration  of  Nature's  orderliness- -the  backdrop  from 
which  the  laws  of  Nature  began  to  emerge. 

Pythagoras  of  Samos  (540  B.  C. )  during  his  travels  to  Egypt 
and  the  East,  learned  much  to  bring  back  to  his  fellow  star-gazers. 
Aristarchos  of  Samos  proposed  that  the  Sun  was  the  center  of  a 
planetary  system  wr.ich  revolved  around  it--a  true  belief,  which 
was  lost  through  the  Dark  Ages  until  Ccipernicus  revived  it  many, 
many  centuries  later.  Aristarchos  was  lv.llowed  by  a  succession 
of  the  greats;  Eratosthenes,  Hipparchus,  Ttolemaous,  Aristotle, 
and  Plato.  One  can  tell  who  is  really  great  by  lookini!;  .it  the  names 
of  lunar  landmarks.  Each  of  these  has  his  name  firmly  engraved 
om  the  map  of  the  Moon. 

Let  us  look  at  a  few  of  the  Croats  of  the  lime  and  point  io 
their  coni  ^  .... 

-THE  CHEEKS 

Cii-ca  GUO  B.  C.  :  Anaximander  specif  iqd  Uia. Earth,  ta  be  a  ~ 
‘'splu'i'c.  — - — ^ - 


Circa  25U  B.  C.  :  The  Greek,  Eratosthenes,  measured  IJie 
cirouuum'cnce  of  the  Earth  to  be  24,G47  miles- -aii  error  of  some  1%. 

Circa  150  B.  C.  :  Hipparchus  measured  the  distance  to  the 
Moon  as  33  Earth  clLamcLei'ri --tuu  error,  of  possibly  3  Earth  rliampters 

Now  let  us  turn  to  tiie  early  communicators,  as  sliown  in  die 
second  rootlet,  wim  began  to  ilunk  uf  voyages  which  might  take  them 
away  fi-oiu  their  mundane  drudgery  up  to  celestial  bodies,  furnish¬ 
ing  ad\enture,  new  experiences,  and  pos.sibly  a  better  lite.  The 
ancient  Icgamds  of  almost  all  j)eoples  whose  early  history  is  m  any 
way  docuiiumted  contained  tlu'  seeds  uf  the  couc  ejits  ol  space  flight. 
The  legends  then  gavi.-Way  to  traveioguo  mythology. 

In  the  year  IGO  A.  D.  Lucian  ot  fximusta  '.vrote  wlial  w'as  prob¬ 
ably  the  first  iio'.  el  on  an  extraterrestrial  veyago.  In  his  book,  "Vera 
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Historia, "  a  ship  was  flung  up  by  a  waterspout  and  arrived  on  the  Moon 
7  days  and  7  nights  thereafter.  In  a  second  book  by  the  same  author 
titled,  "Icaromenippus,  "  the  hero  planned  his  navigation  very  carefully 
after  much  study  of  the  stars.  He  took  off  in  a  vehicle  propelled  by  the 
wing  of  an  eagle  and  one  of  a  vulture.  Mount  Olympus  was  the  point  of 
take-off.  He  reached  the  Moon  and  then  used  it  as  a  station  in  space  to 
stage  from,  reaching  Heaven  on  the  third  day.  He  then  got  into  trouble 
with  the  immortals,  was  taken  back  to  Earth  and  stripped  of  his  wings, 
so  he  could  not  participate  in  further  cosmic  events. 

Mixing  astronomy  with  science-fiction  probably  began  with 
Plutarch  when  he  wrote  his  book,  ”De  Facie  in  Orbe  Lunae,"  trans¬ 
lated,  ”On  the  Face  that  Can  be  Seen  in  the  Orb  of  the  Moon."  Plutarch 
knew  the  Moon  to  be  a  solid  body  and,  according  to  his  treatise,  was 
inhabited  by  the  souls  of  the  dead. 

Now  came  a  gap  ol  fourteen  centuries  in  which,  so  far  as  can 
be  determined,  no  great  book  such  as  that  of  Lucian  or  Plutarch  had 
been  written.  The  era  of  enlightmeat  was  at  hand.  Columbus  had 
just  performed  the  greatest  feat  of  serendipity  of  all  times- -he  had 
accidentally  discovered  the  backside  of  the  Earth.  Now  occurred  the 
great  astronomical  revolution  led  by  Copernicus*  with  his  book,  "On 
the  Revolutions  of  Celestial  Orbs,"  written  in  1543;  Kepler’s  treatise, 
"On  the  Motion  of  Mars,"  1609;  and  Galileo’s,  "Messenger  of  the 
Stars,"  appearing  in  1610.  These  men  were  true  astronomers  and 
astrophysicists,  and  they  had  the  means  of  communicating  their  loiuw- 
ledge,  as  the  printing  press  v/as  in  being  and  in  operation.  ** 
Copernicus  described  the  revolution  of  tbe  planets  around  the  sun  in 
what  he  thought  to  be  circular  orbits.  Kepler,  using  the  data  of  Tycho 
‘^rahe,  his  preceptor,  then  demonstrated  the  courses  to  be  elli])ses, 

-  and  Galileo  with  his  newly  fabricated  telescope,  the  "uptick"  tube, 
•demonstrated  the  planets  to  be  bodies  possibly  not  unlike  the  Eartli. 

-Old  astronomy  became  new  a.stronomy  with  this  famous  group.  Of 
Kepler's  famou.s  laws,  the  first  stated  tliat  planets  tz'avel  around  (lie 
sun  in  ellipses  wiin  the  sun  as  one  focus.  His  second  law  set  forth 
that  tlic  radius  vector  swejit  equal  areas  in  equal  times  thus  ex]}lain- 
ing  some  of  the  basic  physics  and  mathematics  ol  orbits.  Hi.s  third 
law  dealt  with  distance  and  time  relationships.  Thes{;  were  tlie  laws 


^Copernicus  had  been  trained  as  a  pliysiciun  and  was  court 
physician  for  a  period. 

**Fouinoie:  The  printing  press  with  movable  type  apiieareci  in 
Germany  circa  1450. 
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of  the  movements  of  satellites  and  hold  for  the  movements  of  man¬ 
made  satellites,  as  well  as  natural  ones.  He,  in  fact,  was  the  first 
to  use  the  term  satellite. 

Arthur  Koestler  points  out  an  interesting  bit  of  side  information. 
Kepler  was  a  bear  for  mathematical  accuracy  and  to  prevent  any  doubt 
about  his  origin  he  furnished  the  following  information  in  his  horoscope: 
He  was  conceived  on  16  May  1571  ai  4:37  A.  M.  and  was  born  27  December 
immaturely,  after  a  pregnancy  lasting  224  days,  9  hours,  and  53  min¬ 
utes.  He  was  not  so  accurate  about  some  other  matters,  as  he  himself 
spelled  his  name  five  different  ways. 

Kepler's  great  book  of  fact  and  fantasy  the  "Somnium,"  is 
another  example  of  the  place  of  science-fiction  in  progress  toward 
manned  space  flight  and  one  of  the  great  factors  which  has  led  us  to 
the  point  at  which  we  have  arrived  tociay--that  of  preparing  a  man  to 
orbit  the  earth.  The  Somnium  was  well  known  to  the  later-day  science- 
fiction  writers  including  Jules  Verne  and  H.  G.  Wells.  The  title  of  the 
book,  when  translated,  is  "The  Dream,"  and  uses  a  dream  tJieme  to 
convey  new  knowledge  and  concepts  which  could  complicate  liis  already 
troubled  life,  were  they  to  be  identified  as  Kepler's*  studies.  Much  of 
tiiG  book  is  .masked  autobiography.  It  purposely  did  not  appear  in  print 
until  foui  years  after  Kepler's  death,  but  several  of  his  contemporaries 
-T^ppurcntly  had  read  it  in  manuscript  form  several  years  before  his 
"dciath.  Persecution  was  the  lot  of  those  who  sought  to  tell  any  truth 
which  might  run  counter  to  the  dogma  remaining  as  a  carry-over  from 
the  Dark  Ages  into  the  dawn  of  the  cx'a  of  ciilightment.  Copcrixicus, 
-Kepler  and  Galileo  were  per.secutcd  llirougliouL  much  of  their  lives. 

■^Like  the  Greek.s,  they  often  resorted  to  the  dialogue--double  talk  if 
'  V(HJ  i)lea.se,  to  get  their  ideas  across  but  protecting  the  first  p(!rson. 

Many  books  and  mucii  new  loiowledge  followed.  Godwin,  Cyrano 
'de  Bergerac,  **  Bernard  de  Fonteaelle,  Voltaire,  Swedenborg,  and 
-others  wrote  on  the  subject.  These  and  many  others,  brought  the  liter¬ 
ature- -much  of  it  sheer  fantasy,  but  often  prophetic- -up  to  the  time  tjf 
■Jules  Verne,  whose  books,  "From  the  Earth  to  the  Moon,"  and,  "Around 
the  Moon,"  written  96  years  ago.  o.xcited  the  imagination  of  the  i)euple 
of  the  earth.  This  .strange  union  of  science  and. fiction  is  of  es])ecial  in- 
.texest  to  us  here  and  now. 


*Keple.r  wrote  a  friend  concerning  "Somnium."  "My  book  will 
be  useful  to  emigrants  and  jnlgrims  as  a  guide  book  to  the  Moon." 

^^Cyrano  do  Bergerac  was  first  to  mention  the  use  of  rocket  pi'o- 
l)ulsion  for  space  voyage,  using  a  box. with  several  rockets  attached. 
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In  Verne's  books  the  Civil  War  had  just  been  concluded;  ballistics 
as  a  science  had  matured.  Verne,  a  Frenchman  who  had  never  visited 
America,  felt  only  the  Americans  had  enough  money  for  the  multimiliion 
dollar  project.  He  knew  that  because  of  the  ecliptic  the  take-off  place 
had  to  be  beneath  the  28th  parallel.  This  narrowed  the  activities  of  the 
siie  selection  board  down  to  Texas  and  Florida.  Oil  had  not  been  as  yet 
discovered  in  Texas,  and  Florida  through  power  politics  won. 

Jules  Verne's  man-carrying  projectile  took  off  from  Florida 
27  degrees  T  N.  Lat.  and  82  degrees  7'  V/.  Long.  This  places  the 
point  in  the  area  of  Tampa,  as  the  crow  flies,  only  120  miles  from  Cape 
Canaveral.  Ardan — his  hero,  wit,  conversationalist,  and  bon  vivant — 
was  probably  the  French  newspaperman  Nadar,  with  his  name  spelled 
more  or  less  in  reverse.  Nadar,  to  add  a  little  more  confusion,  was 
born  Tournachon  and  under  that  name  took  the  first  aerial  photographs. 
He  had  been  educated  as  a  physician.  Whatever  he  was,  his  knowledge 
of  physiology  was  good  and  he  must  have  been  very  helpful  to  Verne. 

The  monitoring  station  was  Long's  Peak,  Colorado;  the  telescope  a 
reflector  of  about  204  inches.  The  monitor,  himself,  was  from  Cam¬ 
bridge  Observatory.  , 

The  oxygen  requirement  for  their  capsule  containing  three  men, 
according  to  their  calculations,  was  2400  liters  per  day,  to  be  produced 
-by  28  pounds  per  ctiy  of  potassium  chlorate.  Caustic  potash  was  used 
to  remove  carbon  dioxide.  To  test  their  iile-supi^ort  system  one  of  the 
prosiiective  astronauts  was  sealed  in  the  newly  fabricated  cabin  for  a 
7-day  dry  run- -remember  Airman  Farrell!  Jules  Verne's  subject 
was  unable  to  contact  the  outside  in  any  way  due  to  the  thickness  of  the 
walls.  This  was  isolation.  On  exit  at  the  end  of  the  7th  day  the  only 
piiysical  change  was,  and  I  quote,  "He  had  grown  fat."  So  also  liad 
-Airman  Farrell (3  i)ouuds).  Of  interest  was  the  arrangement  for  shock 
absorption  during  take-off  and  landing.  It  consisted  of  a  series  of  water 
cells  with  collap.sible  partitions.  •  Their  positioning  was  on  tiieir  sides. 
Tills  was  all  pretty  good  96  years  ago. 

Organizations  for  study  of. maimed  space  flight  came  into  being 
in  the  early  part  of  the  twentieth  century  and  were  both  sounding  boards 
and  spring  bi).irds  for  novel  ideas.  The  organizations  include,  among 
others:  the  .Vf'rein  fur  llaumscluffahrt  of  Germany,  feunded  in  1927; 

Tile  American  Interplanetary  Society,  founded  in  1930;  and  the  British 
Interplanetary  Society,  founded  in  1933.  The  space  effort  owes  a 
great  debt  of  gratitude  to  these  group.s  as  they  kept  alive- -at  times  in 
s])ile  of  ridicule--the  basic  concepts  in  which  they  believed,  and  in 
most  cases  did  not  hesitate  to  pour  sufficient  fuel  on  the  flames  to  keep 
the  pot  boillng--somelimes  with  an  ejqjlosive  violence. 
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Many,  many  bits  and  pieces  of  kiiowledge  had  now  accumulated 
in  many  arts  and  sciences  to  make  space  flight  possible.  Sir  Isaac 
Newton  (1642-1727)  had  extended  tlie  concepts  of  Copernicus.  Kepler, 
and  Galileo.  He  had  set  forth  his  law  of  universal  gravitation,  and 
his  reaction  principle  nad  pointed  to  the  possibility  of  traveling  through 
empty  space  bv  means  of  rockets. 

So,  let  us  have  a  look  at  the  development  of  rocketry.  *  The 
Chinese  had  fireworks,  probably  before  the  birth  of  Christ.  Rockets 
used  as  fire  arrows  were  chronicled  in  the  13th  Century  A,  D.  (1232). 
Around  the  year  1500  A.  D.  ,  according  to  the  Chinese,  an  official 
named  Wan-Hoo,  fastened  two  kites  to  a  saddle  arrangement  and  then 
placed  47  large  powder  rockets  around  various  strategic  points.  He 
then  positioned  himself  and  the  rockets  were  ignited  according  to  a 
prearranged  signal.  After  they  were  ignited  the  official  disappeared 
in  a  bias'  of  fire  and  smoke,  never  to  be  seen  again.  The  Chinese 
liavc  missed  a  famous  "first"  here,  as  ho  may  have  been  the  first 
man  in  orbit,  and  may  still  be  there. 

Rockets  appeared  in  and  out  of  history,  utilized  mostly  for 
amusement  and  weapons.  As  we  all  remember,  our  National  Anthem 
=was  written  by  the  "rockets  rod  glare."  New  impetus,  however, 
came  from  the  experiments  of  the  now  famou'lj  Dr.  Robert  Goddard, 
wlai  was.  born  in  1882.  .  .  ... 


'  Now  begins  an  interesting  ora  as  far  us  a  background  for 
sjiaee  flight  is  concerned.  It  involved  thin'c  men.  altliough  there 
were  other  "groats"  at  the  time.  These  men  were  Dr.  Robert 
Goddard,  wiio  lias  just  been  mentioned;  Konstantin  Eduardovich 
T.siolkuvslui  of  Russia;  and  Hermann  Oberth  of  Roumanian- German- 
Traasylvanian  extraction.  In  my  estimation  those  three  men,  collec¬ 
tively.  did  lor  the  mechanics  of  .siiace  flight,  all  Copernicus,  Kepler, 
and  Galileo  had  done  for  celestial  mechanics.  None  of  the  three 
appeared  to  have  known  of  the  work  of  the  others  until  about  1U22. 

They  setuned  to  have  worked  independently.  The  only  common  de- 
noimnatoi'  I  can  tind  is  that  they  wci  i;  all  avid  readers  of  Jules  Verne. 
Kacli  made  great  contributions,  but  the  magnitude  of  the  contributions 
ha\T  been  acknowl edged  only  in  retrospect,  as  .several  years  elapsed 
in  i_acii  case  before  the  implications  of  the  work  widely  grasped. 


*Web.ster'.s  Dictionary  says  the  term  Rocket  came  from  the - 
Italian  "i  ucclietta"  which,  in  turn,  was  derived  from  "rocea,"  a 
Teutonic  distaff  winch  it  resembled. 
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Tsiolkovskii  and  Oberth  were  theoreticians  whiie  Goddard  was 
an  experimental  physicist- -the  only  one  of  the  three  actually  ])roducing 
experimental  data.  Tsiolkovskii  was  probably  the  first  of  the  group, 
but  his  work  on  the  theoretical  possibilities  of  space  flight  lay  buried* 
until  Oberthds  work  was  known.  Tsiolkovskii’ s  work  was  then  repu!)- 
lished.  Oberth’s  work,  "The  Rocket  in  Interplanetary  Space."  set 
forth  a  feasible  plan  for  space  flight.  This  was  enlarged  upon  in 
his  later  work.  He  had  an  excellent  understanding  of  almost  all  the 
problems,  including  those  of  physiological  and  psychological  nature. 
His  works  had  great  influence  on  the  group  of  young  German  scientists 
who  formed  the  rocket  e.xperimental  group,  first  at  Keiiiickendorf  and 
later  at  Peenemunde,  the  well  known  German  Rocket  Center. 

Dr.  Robert  H.  Goddard  became  Professor  of  Physics  and 
Director  of  the  Physical  Laboratories  of  Clark  University  in  1919. 

His  great  book,  "A  Method  of  Reaching  Extreme  Altitudes,"  was 
written  in  the  same  year.  He  was  destined  to  be  the  father  of  mod¬ 
ern  rocketry,  although  he,  too,  was  recognized  mostly  in  rctro.spect. 
His  motor  and  guidance  mechanism  used  liquid  propellant,  a  gyro 
stabilizer,  and  mov'ablc  exhaust  vanes- -all  inovations  of  the  time. 

Now  we  must  turn  back  a  little  to  pick  up  the  progress  of  the 
astrologers  and  the  a  .stronomers,  as  our  veliicie  for  space  flight  was 
now  approaching  tlie  final  stage  of  developmcnit.  Orbital  and  escape 
velocities  were  well  known.  The  propellants  ajid  the  vehi(;les  were 
on  the  horizon.  It  now  required  an  art  or  a  science  to  utilize  the 
<‘oasliug  vehic'le  spent. of  most  of  its  energy,  cklier  than  kinetic,  that 
it  might  move  off  into  other  orbits,  following  the  laws  of  celestial 
mecliaiiics.  So  let  us  now  bring  up  the  name  of  Hohmanu, 

Dr.  Walter  Ilohmann.  City  Architect  ol  Esson-on-the-Rulir, 
wrote  another  pcKir  seller,  a  contc-nipurary  of  Oberth' s  book,  entitled, 
"The  Attainability  uf  llie  Celestial  Bodies."  Even  in  German,  i  under¬ 
stand,  it  is  ])retty  rugged  reading.  However,  ho  d: seu.^-.sed: 

Pari  I  Departure  rrom  the  Earth 

Part  11  Return  to  Eailh 


‘Oberth  could  not  read  Russian,  according  to  Willie  Ley, 

1).  112.  Prof.  Goddard  could  not  read  Russian  eithei .  so  far  as  can 
be  determined.  Willie  Ley  cites  some  interesting  history  ot  Liic  era 
in  his  splendid  book.  "I?.uckets,  Missiles  and  Spare  'rravd,"  pel)!  i shed 
by  the  Viking  Press. 
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Part  HI 

Free  Coasting  in  Space 

Part  IV 

Circular  Orbits  Around  Other 
Celestial  Bodies 

Part  V 

Landing  on  Other  Celestial  Bodies 

He  demonstrated,  mathematically,  that  energy  requirements 
for  travel  from  one  planet  to  another  could  be  held  at  a  minimum  if 
advantage  was  taken  of  the  rotation  of  the  earth  for  launch,  rotation 
of  the  planets  about  the  sun  resulting  in  optimal  position  distance- wise 
and  attraction  between  the  bodies  for  bending  flight  paths,  etc. 

As  energy  for  space  flight  is  certainly  one  of  the  most  impor¬ 
tant  limitations  of  manned  space  travel,  his  calculations  have  been 
extremely  important,  especially  from  the  standpoint  of  logistics. 

Now  let  us  consider  the  fourth  root--that  of  aeronautics.  In 
1638  John  Wilkins,  one  of  the  founders  of  the  Royal  Society  of  England 
and,  incidentally,  Cromwell* s  brother-in-law,  wrote  an  excellent  book, 
"Discovery  of  a  New  World  in  the  Moon."  He  described  four  methods 
of  flight:  first,  by  spirits  or  angels;  second,  by  help  of  fowl;  third, 
by  wings  fastened  immediately  to  the  body;  and  fourth,  by  a  flying 
chariot.  For  our  purposes  we  might  pass  over  the  first  three  and 
get  directly  to  the  flying  chariot  idea— but  an  unsuspected  device,  the 
balloon,  entered  the  picture  here  and  took  precedence  over  the  flying 
cliariot  ir  the  introduction  of  aeronautics.  Balloons  of  a  sort  have 
been  mentioned  since  the  time  of  Charlemagne  and  the  early  eras  of 
Chinese  culture;  however,  from  a  practical  point  of  view  the  art  and 
sciences  began  with  tlie  Montgolfier  brothers,  Joseph  (1749-1810)  and 
Jacques  (1745-1799),  when  they  wondered  what  would  happen  if  they 
captured  a  cloud  in  a  bag.  Their  inquisitiveness  led  them  first  to 
liydrogen.  They  wished  to  use  a  paper  bag  but  found  that  paper  was 
permeable  to  hydrogen.  Then  they  decided  to  try  smoke.  Their 
balloon  first  ascended  over  Annonay,  France,  June  5,  1783;  however, 
the  first  manned  flight  awaited  Jene- Francois  Piiatre  de  Rozier  (1756- 
1785)  a  surgeon  and  apothecary,  a  "truant"  of  Aesculapius,  on  October 
15,  1783.  His  first  ascent  was  in  a  captive  balloon.  He  was  also  the 
first  martyr  tn  aeronautics,  as  he  died  when  hia  hydrogen  balloon  ex¬ 
ploded  on  an  attempt  to  cross  the  English  Channel  in  the  reverse 
direction  of  Dr.  Jotm  Jeffries  and  Blanciiard,  June  15,  1785. 

The  sky  now  was  full  of  errant  doctors.  Dr.  Edward  Jern'icr 
(1749-1823),  future  discoverer  of  vaccination,  constructed  the  first 
balloon  in  Gloucestershire,  England.  Leonhard  Euler  (1707-1783) 
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of  Basle,  student  of  medicine,  and  later  the  great  mathematician;  Dr. 
James  TVtler  (circa  1747-1805);  Dr.  George  Fordyce  (1736-1802)  and 
a  Dr.  Black,  about  whom  little  is  known,  were  among  these. 

The  art  and  science  of  balloon  flights  continued  along  the  path 
of  history  well  known  to  most  of  us.  We  will  speak  of  just  two  more 
events  here,  both  of  which  are  important  in  the  development  of  astron¬ 
autics.  The  first  was  the  Anderson  and  Stevens*  balloon  flight  in 
E)<plorer  II,  Nov.  11,  1935,  to  an  altitude  of  72,  395  feet,  during  which 
they  studied  cosmic  rays,  electrical  conductivity  of  the  atmosphere, 
vertical  distribution  gf  ozone,  composition  of  the  stratosphere,  bright¬ 
ness  of  the  sun,  earth,  and  sky,  and  microorganisms  in  the  atmosphere. 

The  second  was  that  of  our  Lt  Col  David  Simons,  who  on  August 
19  and  20,  1957  soared  for  32  hours  and  10  minutes,  suspended  from  a 
3,  000,  000  cu.  ft.  balloon.  The  maximum  altitude  reached  was  101,  516 
feet.  He  studied  human  reactions  in  the  closed  capsule,  cosmic  radia¬ 
tion,  horizon  and  sky  luminance,  physiological  factors,  night  visibility, 
astronomical  visibility,  etc.  His  work  is  well  known  to  all  of  us. 

The  history  of  aviation,  beginning  with  the  flight  of  the  Wright 
Brothers  in  1903,  is  well  known  to  all  of  us  and,  consequently,  needs 
no  mention  at  this  time. 

The  final  root  of  our  sequence  is  that  of  medicine  and  physiology, 
with  its  extensions  into  Aviation  and  Space  Medicine.  The  basic  struc¬ 
ture  was  built  firmly  on  the  foundation  afforded  by  numerous  physicians 
and  scientists  who  were  cross-trained  in  physiology,  biology,  physics, 
astronomy,  and  engineering,  and  who  I  have  mentioned  in  the  preced¬ 
ing  pages.  We  thus  must  add  to  the  list  of  "greats,"  the  name  of 
l^ul  Bert  (1833-1886),  who  studied  the  reactions  of  the  aeronauts, 
Croce-Spinelli  and  Sivel,  in  a  low  pressure  (altitude)  cJiamber,  and 
later  the  records  of  their  ill-fated  flight  with  Tissandier.  We  must 
mention  the  chemist,  Charles,  as  well  as  the  physicists,  Gay-Lussac 
a)id  Humbolt.  These  and  many  others  bring  us  to  our  own  time.  Only 
one  more  daring  than  I  would  delve  into  this  liistory. 

hi  conclusion,  one  must  point  out  that  the  magic  date  recurring 
through  mythology,  science,  and  space  fiction  for  man’s  first  visit  lo 
celestial  objects  has  been  in  the  neighborhood  of  the  year  2000  A.  D. 

Most  of  us,  who  are  optimists,  feel  that  date  will  be  moved  up  by 
several  years. 


'^Anun.  "The  National  Gecg.-raphic  Studety,  U.  S.  Army  Air  Corps 
Stratosphere  Flight  of  1935  in  the  Balloon,  Explorer  II."  Natiomil  Geo- 
graiihic  Society,  Washington,  D.  C. ,  193G. 
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Gentlemen,  it  is  a  pleasure  for  me  to  be  here  this  morning 
to  speak  on  the  occupational  health  problems  at  the  launch  site.  I 
think  it  is  appropriate  to  consider  some  of  the  problems  which  face 
the  operators  of  the  missile  systems,  because  much  of  the  success 
uf  manned  space  flight  depends  on  the  individuals  who  are  operating 
the  ground  launch  equipment. 

In  the  operational  situation,  the  Industrial  Hygiene  Engineer, 
the  Flight  Surgeon  and  Occupational  Medicine  Officer  formed  a  team 
to  investigate  some  of  the  occupational  health  problems  in  the  missile 
complex.  A  program  was  established  based  on  the  missile  systems. 
The  fundamental  systems  are  the  propellant  and  guidance  systems, 
with  the  hydraulic,  electrical  and  ordnance  sub-systems.  (Figure  1). 
Tlio  occupational  health  problems  were  then  related  to  these  funda¬ 
mental  systems.  It  is  within  these  general  areas  that  I  wish  to  spi'uk 
during  the  next  few  minutes. 

The  first  problem  I  would  like  to  discuss  is  that  of  jrropcllant 
loxn  ity.  (P’igure  2).  .The  fuels  with  whicli  we  are  concerned  are 
liquid  liydrogen,  the  liydrazine  family,  which  is  principally  used  in 
the  storable  configuration,  and  the  straight  chain  hydrocarbon  RP-1. 
I’hej’c  are  some  interesting  thing,s  about  this  figure  which  arc  not 
completely  listed.  The  maximum  allowable  concentrations  are  mi  a 
very  low  order  of  magnitude  uf  0,  5  to  1  iiart  ])er  million  in  the  storable 
propellants.  However,  we  have  also  been  concerned  with  the  acute 
c.\i)osure  levels.  Reeently,  tiio  National  Research  Council  established 
these  tigures.  50  parts  per  million  UDMH  can  be  tolerated  for  a 
]‘n;'riod  uf  fi\'e  minutes,  35  parts  c;m  be  tolerated  for  15  minute.s,  20 
])arts  for  30  minutes  and  10  i)arts  fur  60  minutes.  We  are  right  now 
in  the  pi’oi-es.s  oi  doing  diffusion  studies  at  Cajie  Canaveral  and  testing 
the  i)r<api'llanl  transfer  systems  for  tne  Titan  If  system,  but  these 
results  are  nut  yet  available. 

Tlie  i>rineipal  thing  of  interest,  as  far  as  tlie  rest  of  the 
figure  is  euneerned.  other  than  the  synijitomaloiogy,  with  which  you 
arc  ail  iamiliar,  is  the  medical  evaluation  ])i'ngram.  Since  this 

’’The  i-euitents  uf  this  jiaper  reflect  the  ])ei's;nnal  views  of  the 
author  and  aia*  not  to  be  cnristrued-as  a  statement  of  ollicial  Unhi.d 
ilalOo  ,Vir  Force  pulley. 
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figure  has  been  made,  an  evaluation  of  individuals  who  have  partici¬ 
pated  in  the  handling  of  these  propellants  at  Cape  Canaveral  has  been 
made.  Some  1900  evaluations  have  been  done  during  the  past  three 
years  and  there  has  been  no  evidence  of  any  toxic  effects  on  these 
individuals  in  their  normal  working  environment,  using  the  standard 
protective  equipment  and  safety  procedures.  We  no  longer  do  a 
complete  evaluation  every  six  months  on  these  individuals.  But, 
rather  after  having  had  a  baseline  evaluation,  they  are  given  further 
examinations  only  if  there  has  been  evidence  of  some  acute  exposure. 

The  same  general  situation  applies  with  regard  to  the  oxidizer. s. 
(Figure  3).  Red  fuming  nitric  acid,  and  nitrogen  tetroxide,  both  having 
their  maximum  allowable  concentrations  based  on  NO2.  Acute  ex¬ 
posure  levels  have  also  been  established  for  these  compounds  in  some¬ 
what  lesser  amounts,  but  still  allowing  individuals  to  perform  a  task 
if  the  operational  situation  demands.  With  regard  to  the  medical 
evaluation,  we  are  not  doing  any  complete  evaluations  at  periodic 
intervals  any  longer  at  Cape  Canaveral,  but  only  w'hen  there  lias  been 
evidence  of  some  acute  exposure. 

Now,  I'd  like  to  show  a  few  figures  to  iildicate  whore  these 
particular  propellants  are  used,  in  what  kind  of  system.  This  is  a 
Tlior  (Figpre  4),  a  single  stage,  liquid  oxygen,  RP-1  propelled  missile. 
These  same  propellants  are  used  in  the  TitanI  system  -  liquid  oxygen 
and  UR-1.  (Figure  5)  Tliis  is  a  plioiograph  of  Titan  1  coming  out  of 
its  silo.  'I'itan  I  is  a  two-stage  missile.  If  is  a  forerunner  of  Titan 
II  which  is  essentially  the  same  configuration  except  thai  it  lias  Uie 
same  diameter  Ihroughout  its  entire  length.  Titan  il  produces  about 
430,000  pounds  of  thrust  at  sea  level  versus  Titan  1,  whic’.h  is  about 
300.  000-380,  000  pounds.  Titan  II  uses  storable  propellants;  nitrogen 
tetroxide  for  the  oxidizer  and  50-50  mixture  of  hydrazine  and  UDMIi; 
the  o.xidizer  aad  nitrogen  tetroxide  {N2C4).  Titan  RI  is  the  booster 
vehicle  for  the  IXoia  -ix.iar  space  program  which  the  Air  Force  is 
sponsoring  at  this  time.  (Figure  6).  Tlie  next  figure  is  a  photogra])h 
of  the  Agona  vehicle  (Figure  7)  which  uses  unsymmetrical  dimethyl 
liydrazine  and  red  fuming  nitric  acid.  The  beauty  of  this  vehicle  is 
that  it  has  a  ".start"  and  "stop"  capability  in  space  which  is  considered 
to  be  one  of  the  primary  factors  a.s  far  as  the  rendezvous  technique  is 
concerned.  When  it  is  mounted  on  a  booster,  It  has  this  sort  of  a 
cuafiguratioii.  (Figure  8).  We  have  here  the  Agima  vehicle,  mated 
to  an  Alias,  which  is  the  basic  configuration  for  this  program. 

Now.  just  a  lew'  w’ords  about  liquid  hydrogen  because  il  is 
one  of  our  most  significant  fuels  in  the  liquid  area  as  far  as  our  .space 


Occupatfonai  Medicine  at  the  Launch  Site 

Colonel  Raymond  A.  Yerg 


25 


program  is  concerned,  and  as  I  understand,  is  one  of  the  fundamental 
ones  on  which  our  whole  program  is  based.  Liquid  hydrogen  is  kept 
at  -423  degrees  F,  which  is  very  close  to  the  absolute  zero  point  as 
noted  on  the  figure.  {Figure  9).  It  is  odorless  and  I  think  the  slide 
produces  some  information  which  is  of  significance  and  interest  to  you. 

Specific  impulse  is  defined  as  the  amount  of  thrust  per  pound 
second  of  flow.  You  can.  see  that  there  is  a  considerable  difference  in 
the  specific  impulse  of  LOX  and  RP-1  versus  LOX  and  liquid  hydrogen. 
This  is  what  makes  it  such  a  desirable  fuel  for  space  flight. 

The  safety  rules,  in  the  handlir^  of  all  of  these  propellants  arc 
quite  similar  although  principally  this  slide  relates  to  liquid  hydrogen. 

(f  igure  10).  There  is  a  requirement  foivchemical  sensors  of  a  portable 
type  as  well  as  fixed  types.  Alarm  systems  must  be  located  in  launch 
control  centers  and  around  fuel  areas  to  protect  individuals  in  the  event 
that  there  is  an  accidental  spill.  I'here  is  another  interesting  thing 
about  liquid  hydrogen.  Those  of  you  who  liave  had  experience  with 
liquid  oxygen  or  liquid  nitrogen  know  that  you  can  pour  it  from  one  con¬ 
tainer  to  another.  However,  liquid  hydrogen  will  gasify  before  you  can 
acluiilly  pour  it  from  one  container  into  another,  and  this  is  one  of  the 
tilings  tliat  creates  a  principal  hazard,  namely  explosion. 

From  a  protective  equipment  standpoint,  workers  generally 
use  these  kinds  of  things  in  the  handling  of  propellants.  (Figure  11). 

Willi  regard  to  the  storable  propellants,  there  is  an  additional 
requirement  in  that  individuals  must  be  completely  protected  from 
Jieud  to  foot  and  have  an  individual  air  supply.  The  Martin  Company 
luis  designed  a  very  interesting  suit  which  they  call  a  SCAPE  suit 
(Sell  Contained  Atmospheric  Breatliing  Ensemble).  It  euntains  a 
liquid  air  supply  which  not  only  provides  air  lo  the  operalo.rj^  bul  it 
also  provides  a  cooling  capability. 

It  has  a  30  minute  liital  sujiply  and  when  the  liquid  air  reaches 
a  lerel  of  15  minutes,  a  red  light  flashes  inside  of  the  helmet  to  indicate 
tlie  remaining  tinie. 

To  ]>ut  llie  iiropulsion  systems  t(jgether  in  a  space  vehicle  lor 
a  moon  Hight,  this  figure  (Figure  12)  shows  an  artist's  conception  of 
SATFHN  C-l,  which  was  recently  launched  from  Cape  Canaveral  wi*h 
a  cluster  ol  eiglit  rocket  engines  producing  abtiut  1  12  million  jiounds 
of  thrust.  Actually,  the  new  engine  which  is  being  developed  is  a  single 
1  1/2  million  pound  thrust  engine.  A  cluster  of  four  of  these  will  pro¬ 
duce  6.000,000  pounds  of  tlirusi.  Ihis  is  a  liquid  oxygen  HP- 1  system. 
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Mated  to  it  could  be  a  Titan  li  using  the  nitrogen  tetroxide  and  the 
aerozine  50  storable  propellant  configuration.  And,  mounted  on  top  . 
of  that  is  the  liquid  hydrogen,  liquid  oxygen  configuration  to  give  the 
space  vehicle  its  final  boost. 

In  the  area  of  I'adiation  I  will  confine  my  remarks  to  those 
radiation  problems  which  may  be  encountered  in  the  actual  operational 
configuration.  (Figure  13).  We  are  concerned  with  the  re-entry  vehicle 
and  any  radioactive  material  it  may  contain.  The  "Broken  Arrow"  defi¬ 
nition  is  the  capability  of  the  Air  Force  to  cope  with  peacetime  nuclear 
accidents. 

Aboard  the  re-entry  vehicle  may  be  a  battery  containing  a 
gamma  emitting  radioisotope.  Finally,  within  the  airframe  of  the 
Titan,  there  is  a  thorium  magnesium  alloy  which  is  a  weak  alpha 
emitter  and  could  cause  difficulty  when  it  is  involved  in  fire  or  flame. 

Within  the  launch  control  center  of  the  Atlas,  there  is  an  auto¬ 
matic  programming  and  checkout  unit  which  is  an  electronic  computer 
sysfom  to  chock  out  all  of  the  missile  systems.  In  performing  this 
task,  there  are  a  series  of  plastic  cards  which  are  inserted.  To 
.eliminate  the  static'  electricity,  there  is  a  polonium  210. bar  in  the 
miut'ltine  as  slvo.wn  on  the  picture.  (Figure  14).  This  bar  is  subject 
to  chip]hitg  or  flakiiig  and  is  a  i^otontial  source  of  alpha  contamination. 

Wiillin  tile  Guidance  Control  Center,  there  are  two  typos  of 
-radiation  problems.  ‘  (Figure  15).  Tlie  microwave  radiation  from  thei: 
ruflar  antenna  and  x-rays  from  the  ground  electronic  systems.  Most 
of  you  arc  familiar  with  the  experience  the  Genoi’al  Electric  Company 
lud  wherein  individuals  received  rather  large  duses  of  radiation  work¬ 
ing  around  Lhc_se  lubes  whilQ  they  wore  iinpruperly  shielded,  t  • 

Another  area  of  concern  is  that  of  industrial  radiograpliy. 

(Figure  IG).  .411  of  llie  missile  systems  u])erate  under  high  pressures 
of  G  -  8,  000  pounds  per  square  inch  to  move  the  propellants  rapidly 
through  transfer  systems  and  to  insure  that  the  fuel  is  brought  to  the 
engines  in  proper  quantities  as  needed.  With  the  solid  propellant 
coniiguration.s  there  is  concern  about  the  integrity  of  the  casing,  etc. 

This  figure  (Figure  17)  presents  the  general  mcdic:al  iiroblems 
ol  monitoring  and  surveillance  in  terms  of  distance,  time  and  shielding, 
and  also  sur\ey  instrumentation,  monitori.ng  and  medical  evaluation, 

1  would  lik(’  to  say  a  few  words  about  the  noise  liazards  in 
missile  operations.  Within  the  Atlas  system  there  is  a  unit  called 
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the  hydraulic  servicing  unit.  This  unit  located  at  the  launch  pad  is 
used  to  check  out  the  hydi^aulic  system.  The  hydraulic  system  is  one 
of  the  systems  for  giving  the  missile  guidance  and  control,  as  it  con¬ 
trols  the  movement  of  the  engines  in  flight. 


The  individual  who  operates  this  equipment  is  exposed  to  noise 
levels  of  between  104  and  108  decibels.  (Figure  18).  The  operation 
may  be  prolonged  over  a  period  of  several  hours.  The  operator  must . 
be  in  communication  with  the  Launch  Control  Officer  and  Maintenance 
.  Officer  in  the  Launch  Control  Center.  Thus,  he  must  perform  his 
tasks  and  also  must  communicate  and  be  understood.  I  think  you  can 
see  the  potential  of  an  individual  not  performing  his  task  properly  after 
a  period  of  time  in  this  kind  of  an  environment  if  he  does  not  have  proper 
iirotcctive  equipment. 

Another  area  where  noise  problems  of  considerable  intensity 
--are  encountered  is  in  the  powerhouses.  This  is  a  photo  of  the  Titan 
powerhouse  at  Vandenberg.  (Figure  lb).  When  it  is  in  operation,  the 
goneralors  produce  in  tlie  order  of  magnitude  of  115  decibels.  These 
are  overall  sound  pressure  Iqyels.  They  have  hot  been  subjected 
-.fcomihetely  to  octave  band  analysis,  but  even  so,  I  think  the  problem 
§s  evident  there  as  far  as  the  worker  is  concerned.  The  man  may  be 
4n  tliis  environment  tor  a  long  period  of  lime,  depending  upon  the 
mission  requirements.  .  .  ■ 

In  the  "undorgi’ound  environment,  where  these  i)owc!rhouses  are 
local ed  in  some  of  the  operational  conl'iguraliuns,  this  could  be  a  nun’C 
serious  problem.  But,  1  have  nut  had  any  experience  with  it  myself. 

Medical  evaluation  ol  the  noise  iiazards  arc  as  listed  on  this 
jiCXt  Ugurt-  (f  igure _20).  .  - 


\Vc  ai  c  concerned,  too.  witli  some  of  the  noise  i>robk-m.s  tlial 
.may  be  generattKi  Ir.  these  largo  boosters,  us  lar  as  the  civiliaii.com- 
mumtie.s  .ire  eimcerned  V.  ilh  llie  Saturn  launch  last  month,  tin.’  tlu  ust 
was  m  tile  order  ut  magnitude  ol  !.  5  million  jiounds  uitd  the  maMinuni 
deciln  l  level  about  lUO  leel  from  the  missile  as  u  was  in  its  vertical 
aSLui'il  ngiil  ul t  l!ie  j»ad.  auiOUUtod  t'J  ai»out  laU  deoibr;!.-,  out ,  Lhei  e 
weren't  any  jieoplf  n;  this  area.  At  Itie  closest  area  wIktc  there 
were  atiy  [people,  tin  s.iund  level  meters  I'oaked  at  about  i2U  decibels 
.iiin  rapidly  leil  oti.  Mostly,  tiu-  .sound  k-'-els  art?  in  the  low  1  requencies 
and  (io  not  serin  to  inw  seiu  a  proljleiii  at  this  lime  with  that  magnitude 
of  Lurui-L.  However,  studies  am  continumu  in  this  a-i  ta. 


tSt.'leeUon  o; 
o'oviou.s  and  iliis  iig 


uuli'viduals  to  operate  missile  systems  seems  iv 
■are  (Figure  21)  outlines  the  basic  reipn  ^•■nlt■n1  .s. 
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the  national  sign^  of  our  s^ce  programs  increase,  the  require- 

rf!.l*_jr,.,.  1  --'mehts  for  highly  selected  operators  increase. 


:  ■  In  this  final  group  of  figures  it  is  my  purpose  to  illustrate  the 

accident  e^qierience  at  a  missile  test  center.  The  data  clearly  depict 
that  there  are  no  essential  differences  in  the  accident  experience  at 
a  missile  site  than  in  any  industrial  operation.  Wliile  specifically 
related  to  the  period  May  59  -  April  60.  recent  data  coiifirm  the  same 
trends,  '  . 


The  first  figure  is  this  series  shows  the  working  population 
and  percent  of  accidents  (Figure  22).  Next,  a  comparison  between 
missile  and  industrial  accidents  in  general  to  show  the  general  simi¬ 
larity  (Figure  23).  The  next  three  figures  compare  experience  between 
missile  operations  personnel  and  missile  support  personnel  in  terms 
of  accident  type  (Figure  24),  injury  type  (Figure  25),  and  body  parts 
involved  (Figure  26).  As  you  can  sec,  there  are  no  significant 
differences  in  these  two  groups. 
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short  periods  of  time  and  gradual  ambulation.  This  permits  re¬ 
education  of  the  anti-g  reflexes  which  provides  for  normal  distribution 
of  blood  flow.  If*an  individual  exists  in  a  weightless  environment  for 
a  prolonged  period  of  time,  reflex  control  would  deteriorate  and  loss 
of  circulatory  adaptation  to  changes  in  g  force  stimulation  would  occur. 
To  a  lesser  extent  the  same  can  be  said  for  inhabitation  of  planets  of 
gravitational  fields  smaller  than  that  of  Planet  Earth. 

Three  practical  applications  may  be  immediately  deduced  from 
these  obser\!at4ons.  First,  in  the  event  that  it  becomes  necessary  to 
provide  space  craft  with  an  artificial  g  environment  for  travel  to  a  dis-. 
tant  planet,  it  is  pointless  to  increase  the  artificial  gravitational  field 
above  the  level  to  be  encountered  at  the  target  planet.  In  case  of  travel 
to  the  Moon,  which  has  a  gravitational  field  of  one-si.xth  g  force,  it 
would  be  unnecessary  to  consider  establishing  a  gravitational  field 
within  the  vehicle  in  e.xcess  of  one-si.xth  g  force.  The  second  point  is 
that  the  gradual  ambulation  of  clinical  patients  noted  during  convales¬ 
cence.  which  is  in  essence  a  re-education  of  anti-g  reflexes,  estab¬ 
lishes  the  point  that  reflex  control  of  the  circulatory  system  can  be 
obtained  through  a  gradual  process  of  education  or  training.  Improve¬ 
ment  of  adaptation  of  circulatory  reflexes  is  feasible.  The  third 
application  of  some  importance  is  that  after  a  person  has  been  e.xposed 
to  prolonged  periods  of  decreased  g  force,  return  to  Planet  Earth  will 
affect  the  circulatory  system  similarly  to  tlie  way  assuming  the  upright 
posture  affect.s  one  after  prolonged  periods  of  bed  rest.  It  may  be 
assumed  that  the  circulatory  system  will  be  less  capable  of  adapting 
to  changes  in  the  amount  of  g  force  applied  to  it  and  adverse  circulatory 
responses  would  more  likely  be  encountered  during  return  to  Earth 
than  on  departure  from  Earth. 

hicreased  g  force  may  markedly  affect  the  cardiac  rhythm. 
Various  stresses  which  increase  cardiac  work  initiate  a  sympatlietic 
acceleration  phase  of  cardiovascular  adaptation.  During  increased 
g  load  there  is  a  marked  increase  in  heart  rate;  with  its  cessation, 
marked  slowing  of  the  heart  may  occur.  This  may  be  thought  of  as  a 
vagal  rebound  period  during  which  vagar  activity  is  dominant.  The 
changes  in  heart  rates  befor.e  and  after  stress  arc  indications  of  the 
circulatory  system’s  reflex  adaptability  to  .stress.  Wc  have  studied 
this  problem  by  employing  tilt  table  procedures.  Subjects  are  first 
placed  on  the  lilt  table  in  the  horizontal  position.  Following  this  they 
arc  subjected  to  orthostatic  stresses  followed  by  maximum  breath- 
holding.  and  hyperventilation  followed  by  maximum  breathholding. 

These  relatively  minor  stresses  have  frequently  shown  dramatic  dis¬ 
turbances  in  cardiovascular  dynamics  both  in  terms  of  vasodepressor 
reactions  and  cardioinhibitory  responses.  These  responses  with  the 
subject  feet  down  usually  result  in  syncopal  episodes  (Figure. 2). 
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Following  the  period  of  stresses  in. the  orthostatic  position  the  subject 
is  tilted  head  down  at  an  angle  of  45  degrees.  This  change  in  position 
represents  a  change  from  plus  1  g  to  minus  0. 7  g  force.  In  the  head- 
down  position  a  redistribution  of  blood  occurs.  It  would  be  ejspected 
that  the  blood  pressure  to  the  brain  would  be  in  excess  of  the  blood 
pressure  occurring  at  heart  level.  Peripheral  signs  of  increased  dis¬ 
tribution  of  blood  to  the  head  can  be  noted  by  skin  color  and  venous 
engorgement.  As  soon  as  the  subject  is  tilted  to  the  head-down  posi¬ 
tion  a  precipitous  drop  in  heart  rate  is  often  observed.  This  is 
usually  accompanied  by  various  cardiac  arrhythmias  including  sinus 
arrest  with  idioventricular  rhythm  and  short  bursts  of  atrial  tachy¬ 
cardia  (Figures  3,  4.  5).  The  most  common  arrhythmia  noted  is 
simple  sinus  bradycardia  with  atrial  premature  contractions.  The 
i!>ilial  pi’ecipitous  drop  in  heart  rate  is  short  in  duration  after  which 
I  lie  heart  rate  is  increased  but  usually  remains  at  a  lower  rate  than 
cijserved  on  the  baseline  determination  before  the  entire  procedure 
licuan.  As  soon  as  the  subject  is  tilted  feet  down  again  there  is  most 
'it on  an  immediate  return  to  increased  heart  rate.  Although  the  dis- 
nirhances  in  cardiac  rhythm  associated  with  relatively  small  g  forces 
are  striking,  in  no  instance  have  we  noted  episodes  of  loss  of  conscious¬ 
ness  induced  by  such  mechanisms.  This  is  just  the  opposite  of  the 
oiiservations  made  in  subjects  feet  down  in  whom  responses  of  tliip 
magnitude  arc  frequently  associated  with  syncope.  This  points  up  the 
im)iortanoe  of  considering  ‘.lie  entire  picture  of  the  circulatory  response 
and  tlic  importance  of  the  amount  of  blood  flow  to  the  brain. 


These  .studies  have  considerable  bearing  on  the  changes  in 
cardiac  rhythm  which  might  be-e.xpected  during  spare  flight.  Initially,, 
during  the  Launching  phase  increased  g  forces  will  be  applied.  This, 
in  combination  with  other  factors,  will  result  in  a  marked  sympathetic 
accelor.ation  phase  with  increased  heart  rate.  Once  orbital  velocity 
is  reached,  weightlessness  will  occur  and  g  stress  will  cease.  At 
this  point  relative  cardiac  slowing  should  be  e.xpected.  The  stage  is 
set  for  the  vagotonic  rebound  phase.  In  evaluating  rhythms  noted  dur¬ 
ing  weightlessness,  one  should  take  cognizance  of  the  point  that  rather 
striking  arrhythmias  may  not  be  of  major  significance  if  cerebral 
blood  flow  is  maintained.  It  seems  reasonable  to  assume  that  indivi¬ 
duals  whose  circulatory  system  can  readily  adapt  to  changing  stresses 
without  marked  changes  in  cardiac  rhythm  would  have  better  circula¬ 
tory  reflex  adaptability  during  space  flight. 

During  cardioinhibitory  responses,  if  an  active  ectopic 
pacemaker  is  present  in  the  heart,  ectopic  arrhythmias  may  occur. 
During  transitory  sinus  arrest  after  an  episode  of  atrial  tachycardia, 
frequent  bursts  of  ventricular  tachycardia  are  not  uncommon.  It 
would  seem  reasonable  that  individuals  who  have  an  active  ectopic 
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pacemaker  would  be  more  likely  to  develop  a  significant  ectopic  arrhy¬ 
thmia  in  space  flight  in  the  presence  of  a  cardioinkibitory  response. 

arrhythmias  noted  during^-stoess^^testiiii® 
subjects  do  not  induce  adverse  reactions.  By  combinations  of  stress¬ 
testing  with  the  tilt  table  and  breathing  maneuvers  we  have  frequently 
noted  interniittant  A-V  dissociation  and  change  of  the  primary  pace¬ 
maker  from  the  sinus  node  to  an  atrial  location.  These  minor  changes 
in  cardiac  rhythm  may  occur  without  significant  alteration  in  cardio¬ 
vascular  dynamics.  They  occur  commonly  in  the  absence  of  any 
significant  underlying  heart  disease.  Failure  to  recognize  this  point 
can  easily  result  in  overemphasis  of  the  significance  of  such  a  finding 
while  monitoring  a  space  flight  and  result  in  abortion  of  an  otherwise 
successful  venture. 

The  electrocardiogram  is  a  useful  tool  in  monitoring. indivi- 
dualvS  during  stress  studios  and  will  be  utilized  as  a  monitoring  tool 
during  space  flights.  This  requires  a  critical  analysis  of  the  type 
of  information' which  may  be  gained  with  electrocarcli(igi:aphi(.-  mon¬ 
itoring.  It  i.s  infallible  in  demonstrating  changes  in  cardiac,  ride'  aiul 
changes  in  cardiac  rhythm.  However,  not  all  cardiac  arrhythmias 
have  an  ominous  significance  and  many  are,  in  fact,  iiu-onsequcnl lal 
when  tlie  total  picture  of  circulatory  dynamics  is  considered.  In 
addition  t(j  detecting  ('hanges  in  cardiac  rhythm,  the  olectrocardio- 
gram  i.s  used  clinically  to  determine  myocardial  i.'-a’hemia  and  cliani^t'.". 
in  myocardial  I'uncfion.  Care  should  ho  taken  in  making  such  inlerprc 
taiions,  however,  because  changes  in  the  elect  rocardiograni  of  normal 
subjcet.s  often -mimic  the  changes  charactcrislie  of  m yoc-a rdial  iseliemia. 
Tlie  must  cuiiuiion  error  is  overemphasis  of  the  imporfntu-e  of  changes 
in  S'r  .segments  and  '1’  waves  in  individuals  e.xposf'cl  to  various  forms  of 
stress.  T  wave  eliangcs  are  nut  anali>gous  to  myoeanlial  ischeniia, 
myocardial  injury,  or  a  host  of  other  ominous- sounding  terms.  It  has 
bt.’cn  repeatedly  demonstrated  that  T  wave  changes  are  trefiuenti y  en¬ 
countered  with  such  soiqile  procedures  as  standing  ii]).  I'ln  y  may  also 
he  imkKaal  hv  \  arious  respiratory  ni.mi'uvers.  me  lufliny,  hje.it  fiholdini' 
.md  hyjjervf’iii  ihil  ion  (l-'igureG).  Thi.s  make.''  it  iieailv  iinijossible  to 
assume  tii.it  ST  segment  aiu.l  T  wave  eitanges  noU'd  during  tiis  stia  sses 
I'f  -.ipa.  c  f!!>’,lii  can  i'e  used  as.i  reliai^h'  Inck'.x  rd  m vo-ca rcua !  insnfii 
eit  tu'V . 


t'ert.nn  rvj'es  c.f  P-ari  svsiems  cai-  Im  i.iliii/eci  !..  ico  (a  .  !,ang'  .. 
in  cardiac  pcspn'ii.  lla-  In-art  ni.iv  la-  mai'Kc-llv  d;  spgn- 1 -d  ov  inriea 
I  i  li'ic.  .  Sta  !i  changi  v  m  c.ii’di.n'  p:-s:(i‘'ii  can  la  .eii!-,  !>t  -a-t  i  f  1 1  i  i 
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can  be  used  in  raomtoring  prdcedureS  fbr  detection  of  car 
arrhythmias  and  changes  in  cardiac  rate,  with  certain  riiethods 
to  detect  changes  in  cardiac  position,  but  not  with  any  degree  of 
.  reliability'  to  deter^iitie-^  of  coronary  insuffiCiencyi  ;-  : 

Study  of  individuals  during  stress  procedures  requires 
specialized  techniques.  To  obtain  records  which  are  relatively 
free  from  artifact,  we  utilize  a  screen  wire  electrode  encased  in 
a  rubber  ring.  jThe  rubber  ring  is  fined  with  electrode  paste  and  ;  ' 

the  wire  screen  does  not  contact  the  skin  (Figure  7).  Using  elec-  -  r. 
tronic  filters  to  eliminate  signals  with  a  frequency  of  greater  than  ,  . 

50  cycles  per  second  diminishes  artifacts  caused  by  skeletal  muscle 
activity  since  the  latter  are  more  often  high  frequency  events.  The 
quality  of  the  records  can  be  appreciably  improved  by  exercising  ' 
care  in  choice  of  electrode  sites.  The  most  stable  location  is  the 
upper  portion  of  the  sternum  for  onC  electrode  and  the  loWer  portion 
of  the  sternum  for  another.  There  is  relatively  little  underlying 
skeletal  muscle  at  these  sites.  A  high  degree  of  reUability  can  be  , 
achieved  with  such  a  lead  using  specialized  electrodes.  Use  of  an 
electrode  over  the  sternum  and  another  directly  over  the  vertebral 
column Uf  the  back  is  reasonably  sati.sfactory  (Figure- 0).  Another 
, choice  |or  lead  sites  is  to  place  one  electrode  on  thb  head,  on  either 
the  forehead  or  the  ear,  and  another  electrode  overdhe  bony  promin¬ 
ence  of  the  sacrum.  Another  lead  may  be  formed  by  placing  one 
electrode  in  tlueleft  niidaxillary  region  (Figure  10).  Thisd,|!ad  is 
l(‘ss\table  than  the  previously  mentioned  ones,  particularly  .if  the 
individual  is  engaged  in  walking  activity  such  as  observed  diiiang 
ti'oadmiri  exertion.  Wlien  subjects  arc  relatively  immobile--inrthe 
rocumbehl  position  or  net  swinging  the  arms- -such  a  lead  is  more 
satisfactory.  ;■■■  ■  -  ■  - 

\Vithin  the  laboratory,  better  records  may  be  obtainedUjy  .. .  . 

■  using  telemetry  methods.  We  have  utilized  miniature  transmitters 
seated  on  a  "helmet.  (Figured}),  These  are  connected  to  the  electrodes 
placcii  ai, various  locations. on  Uie  body.  'I'he  signals  are  transmitted 
to  a  nearby  antenna  and  passed  through  electronic  filters  (Figure  12). 
Those,  in  turn,  may  be  recorded  on  magnetic  tapt>.  ordinary  strip 
recorder's,  or  (ransniitted  directly  to  (>si'illosc:ope  recording  for  visual 
(ibservation. 


Uioiogical  ciata  cam  be  easily  transmitted  utilizing  telemetry 
nu'flioils.  Once  it  is  rueeived  ai  ria'und  level  it  may  be  transmitted 
eiiiu'r  l)y  radio  or  teleplienie  e();,ii!iU!ii;cations.  We  tui\'(’  ciennonst j-atenl 
lhat.  durmc  st  res.s-te;:,t  ing,  a  e  e;ii;  .vend  signals  Iiy  telemeiry  to  oiir 
recorders  aiici  a]s‘>  lt>  an  orduiarv  telephone  (Figure  1.3).  The  informa¬ 
tion  picked  up  in  the  mout lijiiec, ■  et  tlu’  ordinai-y  telephone  niay  tlnm 
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bo  relayed  to  a  distant  location  and  recorded  there.  The  records  ob¬ 
tained  prior  to  transmission  by  telephone  and  after  transmission  by 
telephone  are  identical.  A  similar  mechanism  can  be  used  with 
ordinary  radio  type  transmission.  This  means  that  it  is  entirely  poss¬ 
ible  to  monitor  the  cardiovascular  system  during  orbital  space  flight 
in  a  more  or  less  continuous  manner,  utilizing  a  communications 
system  that  forwards  all  biological  data  to  a  central  location. 

To  summarize,  this  presentation  has  e.xtendcd  the  application 
of  g  forces  to  special  consideration.s  which  are  expected  to  be  en¬ 
countered  in  space  flight  and  space  habitation.  I  have  further  attempt¬ 
ed  to  demonstrate  a  laboratory  approach  to  studying  the  adaptability 
of  circulatory  reflexes  to  types  of  stresses  similar  to  those  which 
can  be  expected  during  aerospace  flight.  The  important  implications 
of  reflex  control  in  relationship  to  g  force  has  been  emphasized,  par¬ 
ticularly  in  reference  to  prolonged  weightless  states  or  habitation  on 
other  planets.  The  neiu'ssity  of  evaluating  cardiac  arrhythmias  in 
relationsliij)  to  blood  volume  di.st ribution  has  been  pointed  up  lo  in¬ 
dicate  that  rclalivi'ly  striking  arrliythmias  arc  not  necessarily  harmful. 
II  ha.s  been  suggp'sf ed  that  one  should  Im  cautious  in  overinterpretijig 
llic  .signif ic'iiu'c  o|  ST  scgmer.l  and  T  wave  changes  ('ncornii ('red  during 
stressful  e ■  fcumst ances  .is  opjiosetl  to  ST  sogjiu'iit  and  '1'  wave  cha.ni',c.s 
incurred  in  tiu'  usual  clinical  ('n\  i  romm'nl .  A'h.’tliods  of  siadying  in- 
dividuahs  during  slri'ss  .studies  utilizing  .siier ial ized  ('quipmeiit  h.avi' 
Ixs'ii  indicated  .ind  brief  comments  haic  been  mad('  conci'rning  llu' 
utilizalion  of  ceniral  communications  mc'thod  (,>f  Iransmitling  biological 
data  which  can  tie  obtaim'd  dui-ing-  aerospace  flighl  and  during  stress- 
tcsl  ing 
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Pigure  1  A  diagram  to  illustraii'  the  influence  ot  g  force  on 
blood  nia'ssiire  to  the  brain  and  eve.  Sec  text. 


Figure  3  Sinus  tachycardia,  rate  120 
per  minute,  changes  to  sinus 
bradycardia,  rate  35  per 
minute,  after  a  head- down  tilt 
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Fif.';ur(;  6  I'wenty-yoar-okl  aviation  cadet.  (A)  Recumbent.  (B)  Bi'ealhhokliiif’ 
rocumbc'i'if.  (C)  Tilted  feet  down  on  lilt  table.  (D)  Breatlihoktinf* 
while  lilted  feet  down.  (K)  Ilypervenlilat ion  durinp  lilt. 
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Particulate  radiations  to  be  encountered  in  the  regions  beyond 
the  earth’s  atmosphere  have  been  studied  most  extensively  in  terms  of 
the  general  characteristics  they  exhibit  when  they,  or  their  secondaries, 
reach  the  surface  or  lower  atmosphere  of  the  earth.  These  studies, 
since  t'neir  first  discovery  prior  to  1911,  involving  attempts  to  approach 
the  origin  of  these  rays  by  ascent  of  the  Eiffel  tower,  and  by  means  of 
increasingly  higher  altitude  balloon  flights,  and  more  recently  the  data 
from  earth  satellite  and  deep  space  probes,  have  given  us  some  infor¬ 
mation  which  allows  at  least  a  preliminary  description  of  the  types  of 
cosmic  radiations.  Excluding  any  consideration  of  electromagnetic 
radiations  such  as  may  be  present  in  space,  this  discussion  will  deal 
with  the  category  commonly  termed  primary  cosmic  radiation.  The 
description  of  the  effects  of  these  radiations  will  combine  limited 
data  from  exposure  of  biological  materials  to  cosmic  radiations  and 
to  particulate  radiations  from  man-controlled  sources. 

I.  Particulate  Cosmic  Radiation 


It  is  practical,  and  in  agreement  witti  present  viewpoints,  to 
consider  cosmic  radiation  to  arise  from  two  major  sources.  The 
first  source,  or  grouping,  of  th'ese  radiations  includes  those  which 
originate  outside  our  solar  system.  They  arc  designated  galactic 
cosmic  radiation,  without  specifying  their  origin  within  or  beyond 
our  own  galaxy.  The  second 'source,  or  group,  includes  those  radia¬ 
tions  which  originate  or  arise  from  our  sun.  These  arc  designated 
solar  cosmic  rays,  solar  flare  radiations,  or  solar  winds. 

a.  Oalaclic  cosmic  radiations.  Cosmic  radiation  of  galactic 
origin  is  omni-directional,  or  isotropic,  as  observed  from  the  earth. 
The  intensity  measured  on  the  earth  varies,  and  this  variation  exhibits 
a  fairly  regular  periodicity  of  about  eleven  years,  which  is  considered 
to  be  the  effect  of  the  ntignetic  activity  of  the  sun-environment  associ¬ 
ated  with  its  appro.ximate  eleven-year  sun  spot  cycle.  Additionally, 
the  observed  levels  of  the  heavier  primary  rays  reaching  the  earth 
varies  markedly  with  latitude,  and  this  effect  is  the  result  of  the 
earth’s  magnetic  field  forces.  For  e.xample, penetration  to  the  earth's 
surlace  by  a  charged  particle  from  space  requires  approximately  15 
billion  electron  volts  (bev)  per  nucleon  at  the  equatorial  plane  and 
about  6  bev  to  enter  and  reach  to  50  degrees  latitude. 

*^The  contents  of  this  paper  reflect  the  personal  views  of  the 
author  and  are  not  to  be  construed  as  a  statement  of  official  United 
States  Air  Force  policy. 
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Bey on^  the. effect  of  the-  suh- magnetism  the  original  galactic  "  v  « 
^  cosmfc  rays  are  thought  to  be  distributed  fairly.^homogenously  through- 
out'  spaces,  with,  local  perturbations  likely  in  regions  oLinfluence  from 
.  magnetic,  field!:! ..  Thfi^40he^tuehfiy:c|;galacti^^  the 

sa'mecrdeh  a'^i5tfte%ohsfitu'ents ‘df^our'lMowri"^  of 

Brown  and  Winckler  have  been  compiled  by  Tobias  and  Wallace  (1) 
as  shown  in  Table  I.  =■  . 


_•  Abundance  of  Chemicals  in. Universe  and  Cosmic  Rays 


Atomic  No 
"Z” 

Element 
,  Name 

Atoms  per 

10^  Hydrogens 

Relative  Abundance 
in  Cosmic  Rays 

1 

Hydrogen 

100,000 

100, 000 

....  ,  2  .  -:y 

Helium’  ' 

'7,700  - 

15,500  * 

:  3r5 

Li,  Be,  B.  ^ 

-0.  1 

V  .240 

6 

Carbon 

23) 

260] 

7  .. 

Nitrogen 

46V’^200 

?  1200 

8 

Oxygen 

63j 

260] 

10 

Neon 

2.6-7. 0 

30 

12 

Magnesium 

2.  5 

40 

■  14 

Silicon 

2.9 

30 

26 

Iron 

5 

30 

Z  10 

30 

400 

Z  30  not  listed 

2.7 

100; 

30<  Z  <  92  ^ 

0.  1 

-^10  .. 

Although  dilTerences  in  magnitude. are  present,  the  inference  is 
tliat galactic  cosinic  rays  consist  essentially  of  representative  elements 
of  our  universe,  having  been  ionized,  and  accelerated  to  tremendous 
speeds.  VVlien  the  clement  composition  of  cosmic  rays  is  compared  to 
the  elements  present  in  our  sun,  the  marked  differences  indicate  that 
most  of  our  relatively  constant  cosmic  radiation  has  its  origin  in 
regions  of  space  far  beyond  our  sun. 

The  study  of  tlie  energy  distribution  of  thi?  various  particles 
shows  some  similaritv  of  the  spectrum,  which  hn.s  n  bearing  on  the 
nu’chanism  aiu!  mode  of  original  acceleration  of  the  partiedes.  The 
observed  data  tend  to  favor  those  theories  in  which  ctjsmic  rays  are 
acceleratevl  in  large  Ijujulles  of  plasma,  or  in  shock  waves,  ratlier 
than  llie  manner  used  in  electrical  accelerators.  The  low'er  energy 
limit  of  the  eiiergv  spectrum  ol  galactic  cosmic  rays  seems  to  lie 
about  100  million  electron  volts  (Mev).  The  upper  limit  of  electron 
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’contfibution  to  the  flux'of  primary -cosmic  I’aya  is  of  the  brder  -of  . 
1%,  and  the  contribution  of  x-  or  gamma-rays  to  the  total  flux  above 
the  atmosphere  is  somewhat  less  than  0.1%.  ' 

b:  Sbiar  ndgihih' ra(h^  "  The  seenhd  category  of  particulate 
radiations  to  be  considered  includes  those  of,  sola,r  origin,’  This  emis¬ 
sion  of  particles  particularly  from  areas  of  observed  sunspot  activity 
has  been  considered  one  of  the  main  radiatiqji  problems  of  manned 
flight  in  spade  hear  the  solar  system.  " .  .  " 

Between  1942  and  196,0  there  have  :beep  five,  events  in  which 
marked  increases  in  neutron  fluxes  were  measured  at  the  surface, of 
the  earth  in  various  locations.  These  neutrons,  not  found  in  original  -' 
cosmic  rays,  are  totally  produced  as  the  result  of,  secondary  reactions 
produced  in  the  air  by  the  charged  incident  primary  particles,  and  it  ■ 
is  now  established  that  these  sudden  increases  in  cosmic  ray  counting 
rate  are  correlated  directly  with  solar  flare  incidence. 


Solar  flares  are  large  chromq.spheric  eruptions  on  the  surface 
of  the  sun  which  may  best  be' observed  by,  the  light  of  the  hydrogen  alpha 
line  with  a  spectroholioscope.  Seen  this  way,  an  intense  flare  is  one 
pf  the  most  fascinating  and  dynamic  events  within  our  sight.  Large 
flares,  perhaps  one  billion  square  miles  in  extent — similar  to  a  sun¬ 
spot  area —  consist  of  complex  patterns  of  "white  hot"  filaments, 
suddenly  blazing  up  to  ten  times  normal  brilliance  in  hydrogen  light. 

They  reach  maximum  intensity  five  or  ten  minutes  after  first  appearance, 
aijd  then,  decay  or  subside  somewhat  more  slowly  over  the  next  couple 
of  liom^^.  Smaller  flares  are  composed  of  bright  patches,  usually  lack¬ 
ing  the'  filamentous  structures.  Flares  occur  in  conjunction  with  sun¬ 
spots,  being  most  frequent  in  the  central  regions  of  the  groups,  and 
less  so  at  increasing  distances,  so  that  they  are  rarely  seen  more 
than  1Q.0,  000  km  distant  from  a  sunspot  (3). 

Although  the  occurrence  of  a  flare  is  as  yet  quite  unpredic¬ 
table  the  .chances  of  one  occurring  are  much  greater  with  some  types 
of  sunspots  than  others.  Flares  are  classified  on  a  visual  scale  of 
importance,  from  class  1  (smallest)  to  class  3  (largest),  plus  a 
higlier  class  3*  category  wliich  is  reserved  for  those  of  e.xceptional 
area  atid  intensity.  Tal)lc  II,  taken  fi'om  Lllisun  (3),  li.sts  some  of 
the  cli.aracteristics  of  solar  flares  of  the  different  classes. 
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Flare  . 

Area.Rartgg, 

sun,' s  hemisphere) 

.Average, 
■'  Duration' 
(min. ) 

■1 

100-300  ‘  -  " 

-47,.-.. 

2 

300-750 

29 

.  • 

750-1200  . 

,  'T62  . 

.  3+  .. 

.>1200 

180 

Flares  not  only  emit  light,  they  also  send  forth  great  quanti-. 
ties  of  particulate  matter  and  energy  from  the  sun.  When  the  flare 
is  brightest,  great  streamers  of  material,  more  intense  than 
prominences,  are  seen  leaving  the  chromosphere  with  velocities  of 
up  to  500  km/sec  (310  mi/sec).  Some  recorded  movements  are  even 
at  almost  twice  this  speed. 


Having  identified  and  reviewed  the  two  categories  of  particu¬ 
late  space  radiation,  let  us  compare  the  calculated  and'expected 
dose  rates  of  radiation.  Based  on  balloon  apd  Pioneer  V  data,  it 
appear^  that  background  galactic  radiation  in  space  may  correspond 
to  approximately  (1  millirep/hr  (1)).  In  the  Van  Allen  belts,  according 
to  Schaefer  (4),  travel  periods  of  about  one  hour  would  expose  an 
astronaut  to  about  5  r  for  each  passage  trip.  At  three  to  four  earth 
radii,  the  geomagnetic  effects  are-somewhat  minimized  and  the 
ambient  galactic  radiation  amounts  to  about  25  millirep/day,  or 
9.  5  rep/yr  (1),  The  magnitude  of  the  problem  in  the  reach  of  a  solar 
flare  may  be  realized  when  calculations  of  the  radiation  to  which  an 
unshielded  man  would  have  been  exposed  an  a  3^  flare  as  occurred  on 
10  May  1959  reveal  an  exiwsure  doee  in  the  order  of  1500  rep  (1). 

'II.  Effects 


The  radiation  effoct.s  which  are  noted  in  most  interactions  of 
ionizing  radiations  with  matter  are  those  wliich  result  from  the  trans¬ 
fer  of  energy  from  the  incident  radiation  to  the  matter  traversed.  Tlii 
may  sound  simple,  hut  the  difficulty  lies  in  describing  the  transfer  of 
energy  from  the  radiation  to  the  system  in  wliich  the  effect  is  to  be 
ob.si’i's  I'd  and  measured. 


The  ratio  of  the  biologic  dose  to  the  energy  absorbed  per  gram 
in\  olves  tlie  convi'rsiun  known  as  relative  biologic  effectiveness,  and 
this  relation  h.as  been  studied  and  I'eported  extensively.  This  ratio  is 
variable,  .iiui  depends  partially,  at  least  on  a)  type  of  radiation, 
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“l?)  radiation-energy,:  c)  kind  and  degree  of  bioldgi cal'  effects,  d)  .  type 
Jpf  biologic  rriatg'rialj^  e  dose  distribution  total,  time  rate,  and  intervals, 
f)  other.factprs  sucb  as. temperature,  oxygen, 'etc. . 

.  i.lf'^-^fExcessive'exbb’^’i^&s'  W'^^  result  in  'early  aeutc'cfianges*’ ' ' 

such  as  nausea, .  vomiting,  diarrhea,  and  fatigue,  and  higher  dbses  to  the  , 
entire  body  can  produce  death  within  days  or  wpeks. 

iiy  the  total  body  of  a  biological  system  seem  to  fall  into  a  pattern  that  ' 
can  be  called  an  acute  radiation  syndrome.  This  pattern  is  essentialiy 
similar  for  various  species  of  animals,  although  individual  species.#  s 

show  characteristic  modifications  which  are  a  function  of  their  own ' 
physiology.  .  In  man  and  the  primate  a  very  definite  pattern  of  radiation- 
injury  sy'hiptGmatology  occurs  after  ascertain  level  of  radiation  dosage 
'is  delivered  to  the  entire  body  in  a  single  of, short-term  exposure.  This 
acute  radiation  syndrome  has  been  described  adequately  in  the  literat.ure"  " 
and  is  believed  to  be  effective  mainly  at  dose  levels  above  200  r. total- 
body  radiation. 

Under  200  r  total-body  radiation  a  very  small  percentage  of 
individuals  e.xposed  will  show  any  effectof  radiation,  and  .these  effects 
will  usually  be  mild  and  transitory.  At  dose  levels  above  200  r,  the^..;>  .. 
severity  of  the  radiation  effect  increases,  and  a  greater  percentage  of 
the  individuals  is  involved  until,  finally,  on  a  biostatistical  basis,  a 
radiation  dosage  can  be  reached  at  which  all  individuals  can  be  expect¬ 
ed  to  show  changes.  Some  of  these  changes  will  produce  death  if  the 
doses  are  high  enough  and  the  number  of  individuals  exposed  is  large 
enough.  Death  may  !)e  the  predominant  result  at  very  high  doses. 

These  changes  are  categorized  in  Table  HI.  ,  - .  -  .  :■ 

TABLE  LI  I  .  .  . 

Acute*  effects,  Total-body  Radiation 


-^200  r  No  clinical  significance 

200-600  r  Henialopoiet ic.  depi’ession  and  depletion 

500  r  L-D50'7 

000-000  r  Gastrointestinal  fomn  of  death 

^1000  r  C.  N.  S.  death;  Incaiiacitation 


These  chanmes.  (.ioscribed  with  relfn-enrc  tn  an  adiniiustratifm 
ol  a  single  dose  ol  i-ailiation  of  varying  le'. ads  of  dose  amount,  are 
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fairly  well  established.  However, ,  if  the  total  dose  adriiiiiiStered  is 
given  over  a  period  of  time  extending  over  two  or  three  days  insteg.d 
■  Of  a  single  dosage  exposure,  the  expected  effect  may  be  diminished  C_, 

,  frgjp  ;th%pidttern,  described  by 'as- ^  to  SO  per  cent  ,  i  : 

iSbme  of  the  .effects  observed  may  be  reduced  to  even  a  greater  degree. 
The  radiation  effect  pattern  or  syndrome  shows  rather  marked  individ¬ 
ual  variation.  It  has  been  noted  that  the  psychic  effect  of  observing 


others  exposed  to  the  same  radiation  dose,  such  as  has  occurred  in 
»  certain  human  population  exposures,  is  also  effective  in  increasing  the 
—  vobsoTvod  effect  in  some  individuals. 


The  effects  of  radiation  may  be  fairly  prompt  or  may  be  de¬ 
layed  by  weeks,  months,  or  even  years.  Classic  examples  of  late 
effects  of  radiation  have  been  reported  repeatedly.  Usually  they  are 
associated  with  degenerative  changes  in  the  tissue  substance  winch 
culminate  in  failure  of  certain  orgari  systems.  The  degeneration  f 
may  be  such  that  it  allows  the  onset  of ’n.n  otherwise  mild  infection  to 
become  serious  and  even  overwhelming.  Other  late  effects  may 
result  in  formation  of  tumors,  alteration  of  iff-o  span,  leukemia,  and 
effects  such  as  cataract  formation  in  the  lens  ofthe  eye,  pigment 
cliange,  hair-color  cliange,  and  the  like.  '''v 


The  evaluation  of  long-term  effects  or  delayed  effects  of  radia¬ 
tion  is  extremely  difficult  because  of  the  requirement  of  observing 
significant  numlx'rs  of  individuals  over  a  sufficiently  long  period  of 
time  and  because  of  the  necessity  of  having  sufficient  control  of  the 
population  sample  followed  to  assure  tliat  the  effects  noted  are  due 
to  radiation  rather  than  to  other  environmental  factors.  Since  the 
effects  noted  are  essentially  similar,  except  in  incidence,  to  those 
which  normaliy  may  occur  in  flic  population  observed,  it  sometimes  - 
is  difficult  to  mea.sure  accurately,  ihe  e.xact  effect  of  radiation  in  the 
production  of  the  end  point  ivated.  (5). 

Tile  application  of  tliis  knowledge,  or  lack  of  specific  details 
of  the  effects,,  tf)  the  biologic  significaiua:  of  cosmic  radiation  is 
jjarl icula rl y  difficult  aiui  suliject  lo  nuich  interpretation.  Generally, 
the  radiation  obsiu  vc'd  or  measured  by  each  .specific  method  rarely 
rejiresents  more  than  a  minute  portion  of  ihe  whole  radiation  spectrum 
Oil  anv  giia'ii  hn^h^gii'  .-»v.->teiii  ui  eno  jioim  vve  hui  e  clitjsen  a.s 
.in  iiuhc.itor.  Some  primarv  cosmic  particles  tei  niinate  by  a  fairly 
ri'giilar  'di ssip.it uai  oI  eneiyay  ahuig  a  long  tj-ai  k.  and  thus  tyjie  ol 
I  eiani  ii.i:  loll  IS  known  a.s  a  ihin-dovii.  The  lar  more  conmuin  occur¬ 
rence  Is  Ilio  in' i  i  .iei  ion  o|  a  liigli- eneray  primary  wilh  whale'.cr 
m.iieri.il —  siiieidinL;,  aiinosphore,  suit,  biuloaic  fissm - it 
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€ncountei’S,  •tOj  bgcoixie  a  multitude  of  secondary  radiations,  each 
with  its  own  characteristic  range  and  rate  of  further  ionization.  Ctf  _ ' 
the  radiations  enoountete-d  ia  space,  the"  lew  energy  heavy  compon-  ''' 
'■;■  eilt  of‘  the  prlmaryAdspic'' category  M  interest  BScaiis'e  of  - 

"  the  range  of  travel,  arid  density  of  ionization  produced  in  material 
"Ao  which  the  radiation  is  transferring  its  energy.  ,  ■ 


A:--  - The  depth  to  which  priitiary  particTes  may  be  expected  to 
penetrhte.when  expressed  in  gm/cm^  is  nearly  the  same  in  air, 
..fissue,  aS^alurninura,:-:W^  a  heavy  primary  terminates  by  thin- 
dbwn,  it  produces  a  characteristic  microbeam  of  radiation  pattern. 
As'  the  particle  slows  to  termination,  the  rate  of  transfer  of  energy 
increases,  until  just  before  termination,  it  reaches  a  sudden,  ioniza¬ 
tion  peak.  Table  IV  is  an  i^daptatipn.  pf  data_fi:p^,  j 
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Residual  Range  Relative  Energy  Loss  in  Thousands 

in  Tissue  in  gm/cm^  ‘  of  Ion  Pairs/Micron  Tissue  _ _ 


1..0 

..  7.  5 

0.8 

8.0 

0.  6 

9.  0 

0.  4 

10 

0.  2 

15 

0.  1 

20 

0,05  , 

40 

0.  02 

60 

0.01 

„  75 

Scccmdary  radiations  produced  by  collisions  of  primaries 
(stars)  and  interactions  with  absorbing  material  (sliowers,  and  secon- 
diii  ies)  ai'c  mainly  comi)()st'd  of  a)  protons  and  neutrcais  jtlus  b) 
mesons,  and  c)  electromagnetic  (x-)  radiation.  The  neutrons  and 
])roions  continue  in  their  paths  to  collide  with  other  alrsorber  nuclei, 
procUicing  iiew  cascades  of  the  tiiree  forms  secondary  c<)smic  lauliti- 
tions.  Tile  rat{' at  which  these  secondaries  is  formed  is  related  to 
tiic  shielding  dv-nsity  aiKl  (.-nergy  |■r•aeiion  ciiaracierisiics,  and  this 
knowledgi'  is  iiecessarv  in  sob.ing  the  jirohlenis  ol  sliiel'ting.  The 
various  r.idi.ition  tsanls  ussociated  with  dillereiit  energy  ranges  of 
incidi’iit  radiations  are  .'^unimari'/ed  in  rabie  V,  17). 
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Spallation,  fission,  nucleai'  . 

.  ”  excitation  followed  by 

,,  -.  ^  neiitrops,  protpnvetc.  i.:;.:.. 
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;  'w ■  •  ■  ":  tlpn-downs  for  heavy  primaries/  4 

Buildup  of  secondaries. 
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;..•;  .  ,  Fi’oni  the  pre\dous  general  discussion,  specific  situations 

td'cosmic. radiations  which  may  be  of  biologic  ' 

'  concern' include  a)  critical  biorogic  volumes  where  local  damage 
produced  may  be  effective  over  greater  ranges  of  volume  or  time,  b) 
volumes  of  cells  of  critical  control,  unable  to  be  regenerated  or  repair¬ 
ed  if  damaged,  c)  contribution  to  delayed  effect s. 


,  Many  specific  changes  as  results  of  direct  primary  or  secomiary 
cosmic  radiation  liave  been  reported;  some  have  some  (mrrelation  with 
dose  or  location  of  particle  routes;  other  have  negative  correlation  with 
siinilai’  lactors.  To  date,  no  Certain  histologic  delineation  or  outlining 
of  a  primary  track  lias  beein  made. 


d'he  possibility  that  a  change  in  performance  capability  or  be¬ 
havior  may  be  e.xjiected  as  the  result  ol  the  reaction  of  a  primary  cosmic 
■  particle  on  the  individual  has  been  mentioned  in  connection  with  this  *' 
radiation  of  a  "’critical  volume. "  No  pre.sent  data  establish  the  probabil¬ 
ity  of  such  a  major  crisis  as  the  result  of  primary  cosmic  radiation, 
but, it  is  impossible  to  state  that  this  type  cif  event  cannot  occur.  How¬ 
ever.  based  on  the  e.xpericnce  of  radiation  of  all  portions  of  the  body 
in  Iherajieutic  medicine,  it  ajipears  unlikely  that  a  major  physiological 
i,  or  psychological  interruption  of  function  as  the  result  of  a  single  series 
of  ioni/.dion  c\  ents  could  occuio  Tin'  evaluatimi  of  the  exact  hazard 
must  await  av.iilability  in  our  lalxiruiories  of  particles  of  mass  and 
.'nt'r;’_y  ■  "nipa ralih.  t •  >  jii’iniai co.smic  radial  ioms,  and  mariicdly  im- 
jiroied  techniques  ol  e.xiierini'  ntal  ixuliation  location  and  measurement. 


h  IS  ei  uieiit  Irom  tin-  pnvious  liiscussioii  that  the  estimation 
o!  the  r.idiatipn  h.i/ai'd  to  biological  tissue  dejjeuds  on  many  \ariables. 
11ns  estim.itioii  must  also  be  made  in  terms  n!  ilie  operation  reejuire- 
ment  ol  tile  exi'osuia  to  the  radiation. 
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ConsideMng'p.resent  laiowledge,  -it  is  reasonable,  to  suggest  * 
that  a  dose  of  25  yad  be. permitted  per  operationaKspace  mission,  with 
.25  rad  .to  be  resen-y.ed,-as.-^n  additional  emergency  dose,  for  error  in 
"orbit,  unusual  regionssOf.  radiation  intensity,  or  an  unpredicted'solar  . 
flare.  The  estimation  of  the  delayed  .effects  of  such  suggested  doses 
contains  much  uncertainty,  but  probably  no  more  than  exists  in;the 
combinations  of  vehicle  reliability  in  launch,  navigation,  and  return.  , 
v^he  estimates  eohsidereddo  be  reasonable  are  presented  in  Table  Vi  (7). 


iTABLE  vf 


Radiation  Dose  vs  Biologic  Effect 


''VsYearf" 

ad  'A. 

■5 

’  '.  Rad;. 

50  . 

-  95  ;^' 

,  I3Q  . 

.,200,,,,,,, 

Leukemia 

3x 

6x  . 

■■-9x 

12x 

Longevity 

7 

?, 

1 

1-2  yr 

-  -  Sterility 

0. 

0 

0 

•? 

Cataracts 

0 

0 

0 

0 

Genetics  ■. 

2x 

3x 

4x 

5x 

The  biologic  cffcc)  of  radiation  is  no  single  effect,  nor  is  i|ie  effect 
sp<'cific  for  i’adiation.  Similar  offQicts  can  be  produced  by4)tlier  agents 
or  combinations  of  agents.  Also,  tlu;  biologic  effect  observed  in  any 
j;ne  iiulividual  is  peculiar  to  that  individual  both  in  degree  and  time  rc- 
"sponse.  The  degree  of  lia.zard  must  be  evaluated  not  only  iiV'it.s  own 
right,  l)ut  in  comparison  with  other  ^hazards  that  are  also  involved  in 
the  life  .situation  and  in  Uic  operational  i'equirements. 

The  viewpoint  of  ])ersons  concernedAviUi  control  and  inlerprela- 
tioii  of  radiation  expo.surc  must  be  based  on  education,  experience,  and 
undcj'staiuling.  Rachalion  must  be  considei’ed  essentially  as  an  additional 
factor  of  hazard  in  one's  life,  on  tiic  ground,  in  tlm  ;Umos])l)ej'e,  or  in 
Sluice.  By  itself,  radiation  is  not  the  limiting  factor  to  human  participia- 
tion  m  ])!-ogr(>ss  (0). 
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‘  ^ '  The  prim^i'y  purpose  of  inclu(hn^;man;m  a  spacer  to 

utilize  man's  fuir and  unique  capabilities  toward  successfui  mission 
completion. :  This  means,  therefore,  that,  the,  man  portion  of  the  space 
mission  must  be  at  maximum  effective  performance  consistent  with  . 
-the  mission  profile.  To,  insure  that  man  will  be  at  maximum  effective¬ 
ness,  it  is  necessary  to  satisfy  the  various  physiologic  requirements 
that  man  places  on  the  space  vehicle  system.  ‘These  physiologic  re¬ 
quirements  are  not  necessarily  unique  to  space  operations  and’,  Tor 
this  discussion,  will  be  classified  somewhat  arbitrarily  into  atmospheric 
and  metabolic  requirements.  This  paper  will  be  divided,  into’ two' parts; 
.the  first  consisting  of  a  brief,  discussion  ofjithe  physiologic  necessities 
and  the  second  consisting  of  data  collected  during  space-cabin  simulator 

experiments.  "  .  ‘ 

PART  I 


ATMOSPHERIC  REQUIREMENTS 

The  choice  of  an  atmosphere  for  a  manned  space  vehicle  or 
manned  space  station  is  of  critical  importance  to  the  astronaut  and  is 
governed  by  many  considerations,  both  physiological  and  engineering 
in  nature.  The  first,  and,  of  course,  the  most  obvious  solution  to 
the  problem  of  atmospheric  composition  is  to  provide  the  space  crew 
with  an  atmosphere  that  duplicates  the  one  that  is  present  on  earth. 

With  the  exception  of  a  few  notable  geographic  locations,  this  is  an 
atmosphere  that  is  very  acceptable  to  man  and  one  on  which  most  in¬ 
formation  is  currently  available.  There  are,  however,  other  conditions 
that  can  be  considered  in  fulfilling  man's  atmospheric  requirements, 
if  necessary,  from  the  mission  profile  aspect.  Table  I  shows  the 
various  atmospheric  requirements  that  man  places  on  the  space  vehicle 
along  with  the  maximum  range  of  each  parameter  that  could  be  consid¬ 
ered  for  possible  use.  . 


Pressure  -  The  maximum  range  in  total  pressure  is  from  760, 
mm  Hg  to  approximately  187  mm  Hg,  with  the  lower  2?ressure  limits 
being  regulated  primai'jly  by  the  need  for  maintaining  alveolar  oxygen 
levels.  At  187  mm  Hg  and  in  an  atmosphere  of  pure  oxygen,  approxi- 
m.Ttely  100  mm  Hg  partial  pre.ssurc  of  oxygen  is  maintained  in  the 
alveoli,  the  remainder  of  the  lung  being  filled  with  carbon  dioxide  and 
water  vapor. 


‘The  contents  of  this  paper  reflect  the  pt.'rsonal  views  of  the 
author  and  are  not  to  be  construed  as  a  statement  of  official  United 
States  Air  Force  jiolicy. 
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=  '  The  use  of  pressuresvless  than  760  mm  Hg  apparently  prpyjides 
;  some  bends  protection  (Balke,  1959;  Marotta  and  Marbarger,  19i6l|  in 
the  event  of  decompression  (both  accidental  an^d  intentional).  *^_his 
■  aspect  bf-^tffiosphWH'c  selection  could  be  of  tremei^ous  importance  if; 
a  mission  profile  is  such. that  the  astronaut  is  required  to  leave  the 
confines  of  his  spacecraft  and  perform  useful  work  outside,  .  '  ^1. 
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Oxygen  -  The  tolerable  range  in  oxygen  partial  pressure  is 
more  restrictive  than  that  for  total  pressure.  The  minimum  level  is, 
of  course,  governed  by  the  need  for  sufficient  partial  pressure  of  oxy¬ 
gen  to  maintain  blood  oxygen  saturation  levels.  The  upper  level  appears 
to  be  a  toxicity  limit  and,  according  to  Luft  (1952),  this  limit  is  in  the 
range  of  400-425  mm  Hg  partial  pressure.  Michel,  (1960)  have 

demonstrated  this  in  a  group  of  six  men  exposed  to  a  total  pressure  of 
523  mm  Hg  (p02  of  418  mm  Hg)  for  a  period  of  seyen  days.  It  is  inter¬ 
esting  to  note  that  even  though  the  manifestations  of  this  oxygen  toxicity 
have  been  described  many  times  (Becker- Freyseng  and  Clamann,  1943; 
Comroe.  1945;  and  Beau,  1945),  the  exact  mechanism  of  action  remains 
to  be  elucidated.  , 


Another  aspect  of  the  use  of  higher  levels  of  o.xygen  (i.  e.  ,  100% 
oxygen  at  less  than  toxic  ])artial  pressures)  is  the  possible  occurrence 
of  atelectasis  during  both  static  and  dynamic  situations.  This  has  been 
reported  by  Klocke  and  Hahn  (1960)  in  experiments  where  the  absorption 
of  oxygen  from  the  lung  was  measured  during  breath-holding.  Tlie'ef- 
fect  of  this  phenomenon  on  tolerance  to  acccieratipn  also  has  been  ih- 
v('stigal<>d  liy  Hyde  (1961)  and  has  been  found  to  doorehsc  "g”  tolcrarige 
by  a  significant  amount.  '■  ' 

Carbon  Ditrxide  -  The  partial  pressure  of  carbon  dioxide  poses 
a  serious  ijroblem  U)  tlic  safety  of  tlie  crew  and  the  health  of  tlie  crew 
members  if  allowed  to  accumulate  in  the  cabin.  The  current  thinking 
is  tl’.at  carbon  dio.xide  should  not  lie  allowed  to  eximed  7  to  8  mm  Hg 
parti. il  jircssuiu'.  Then  has  been  one  long  duration  cxjieriraent  conduct¬ 
ed  by  Fauci-if  and  Newman  (1953)  however,  in  w'hieh  23  men  were  ox- 
jiosed  to  It  mm  Hli  partial  jiressuri’  of  C02  (total  jiressure  760  mm  Hg) 
for  a  jierioii  ot  42  days.  No  deh'terious  effecls  were-  nufed.  although 
ihoro  w.  rr  signs  of  a  definilc  adaplation.  charaeteri/.ed  by  a  mild  res- 
pirat'U'v  .iciilosib  and  a  decreasi'd  seii.sitivity  to  higher  levels  of  C02. 

I'empcr.ii ure  .uid  Relative  Humidity  -  Any  coiisidm  ation  of 
tempi  i-.uiii  f  .  liculd  iiickulc  relative  humidity  and  met'  \crsa,  since 
lin  so-  e-n'.  1  .  linn.eiua  1  jiarameters  are  dost  ly  related,  jia  rt  jeularly  in 
ti'rms  (if  j)h\  siologic  tolerance.  In  general,  a  dry  bull.'  temperature 
if  Tii-T:'!  lie,,!'!  .  ■  r.  .liid  a  '.vt  t  iv..lh  u-mpei'ature  ol  60-65  degn.'es  F.  is 
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considered  desirable.  Consideration  must  be  given,  however  to  air 
density,  clothing,  level  of  activity  and  time  of  exposure.  Clothing 
should  be  particularly  emphasized,  due  to  the  inipact  that  poorly 
.Vv  ^+iiated  pressure  garments  can  iiaye  on  man’s  effectiv:eness  and-,  i--  ^ 
subsequent  tolerance  to  other  stresses. 


Micro- contaminant  Levels  -  The  problem  of  defining  per- 
jnissible  levels  of  various  micro- contaminants  in  the  micro-climate 
^of  a  space  vehicle  is  one  of  the  more  challenging  problems  confront¬ 
ing  the  scientist  and  engineer  today.  Guidelines  for  many  compounds 
are  available  in  the  form  of  maximum  allowable  concentration  (MAC) 
data.  This  suffers  one  large  deficiency,  however,  in  that  the  MAC 
assumes  a  prescribed,  intermittent  exposure,  whereas  in  the  space- 
craft,  exposure  will  be  on  a  continual  basis.  In  addition,  exposure 
in  the  spacecraft  might  be  at  pressures  other  than  atmospheric  and 
could, be  complicated  by  interactions  of  compounds  or,  as  pointed  out 
by  Ebersole  (1960),  by  the  breakdown  of  relatively  non-toxic  compounds 
into  highly  toxic  ones.  The  sources  of  contamination  in  a  spacecraft 
are  and  will  be  numerous.  They  include  the  crew  members,  life  support 
subsystems,  waste  dispo.sal  systems,  paints,  fires,  motors,  etc.  The 
possible  sources  of  contamination  are,  therefore,  many  and  the  utmost 
care  must  be  used  to  insure  that  micro-contaminants  do  not  become  a 
limiting  tactor  in  tlie  habitability  of  the  astronaut's  ecological  system. 


METABOLIC  REQUIREMENTS 


The  metabolic  requirements  of  the  astronaut  also  must  be 
analyzed  carefully  in  order  to  insure  that  these  requirements  can  be 
adequately  satisfied.  Table  II  shows  these  requirements,  which  in-  . 
<'lude  energy,  oxygon,  water  and  liquid  and  solid  waste  management.- 
The  astronaut's  energy  requirement  represents  one  of  the  more  critical 
areas  of  interest  in  the  study  of  man  in  space,  since  a  difference  in  300 
to  400  kilocalories  per  day  requirement  can  amount  to  125  to  150  pounds 
of  food  and  o.xygen  per  man-year. 

It  might  appear  odd  to  include  liquid  and  .solid  wa.ste  management 
in  a  groiqhng  of  inetabolii-  requirements,  but  in  a  sealed  cabin,  these 
two  iti'ims  can  assume  tremendous  importance  and  exert  considerable 
inllucncc  on  the  atmosphere  control  and  conditioning  system. 

I’AR'r  II 

SPACE  CABIN  ^EMULATOR  EXPERIMENTS 

Mcthotis 

Tim  siiacc  c.ibiii  simulatoi  used  in  the  experiments  described 
licre  tlie  two- man  space  cabin  simulator  that  has  been  desciibed 
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''^Itl  ptei^bus  lectured  (Welch/ 1  shows  a  schemaiic  of  . 
the  simulator  which  is  physicaHy  located  in  a  small >  insulated  room. 
This  room  effectively  isolates  the  simulator  from  normal  ambient 
.noises  and  .enables,  contact  with'  the.  to  be.  ij^telctod  . 

to  intercom  type  communication.  "  '  --  v  f 


A  total  of  five  experiments,  each  of  17  days  duration,  will  be 
considered.  The  purpose  of  these  experiments  was  to  examine  the 
■influence  on  man  of  living  at  reduced  barometric  pressure  and  in 
atmosphere  predominately  consisting  of  oxygen.  A  17 -day  duration 
was  selected  in. order  to  provide  data  collected  over,  a  period  of  time 
that  exceeds  presently  contemplated  mission  durations,  e.  g. ,  APOLLO. 
Four  of  the  experiments  were  conducted  at  a  pressure  altitude’bf 
approximately  190  mm  Hg  with  an  oxygOn  partial  pressure  of  approx¬ 
imately  174  mm  Hg.  The  fifth  experiment  was  conducted  at  ground  level 
pressure  and  156  mm  Hg  partial  pressure  of  oxygen.  The  complete  en¬ 
vironmental  data  are  shown  in  Table  III. 


All  subjects  were  volunteers  and  were  current  in  single  engine 
jet  aircraft.  Physical  examinations  and  pre-flight  baseline  values  were 
obtained  during  a  two-week  period  prior  to  the  flight.  Post-flight  values 
wore  obtained  during  a  one- week  period  following  the  experiment.  In 
addition,  the  in-fliglu  schedule  (Table  IV)  was  arranged  in  such  a  manner 
tliat  various  in-flight  physio.!ogical  measures  could  be  obtained  daily,  al¬ 
ternating  between  a  relatively  basal  morning  and  a  fasting,  resting 
evening  sampling  for  each  man. 

Food  was  supplied  predominately  in  the  form  of  pre-co(jkcd, 
deliydrated  food.  In  all  flights  but  17-5  (190  mm  Hg  experiment),  the 
water  supply  was  obtained  by  the=-yn-board  v'acuum  distillation  pf  urine, 
and  cabin  atmosphere  condensate.  In  17-5,  the  WiOcr  supply  was  distilled 

water.  ,  -  - 

«  . 

bolid  wastes  were  either  removed  from  the  simulator  through 
a  small  air  lock  (17-1,  2and  3)  or  were  stabilized  by  a  vacuum-heat 
dehydration  ])rocess  (17-4  and  5). 


Ri’sults  and  Discussion 


The  pnniarv  data  refb.'cting  the  influence  of  the  atmosphei'e 
(xinijmsil loll  and  confinement  (.m  the  crew  members  are  the  jiost-flight 
jihysie.il  exa nil n.ii  ions  coniiiared  to  the  jire-fliglil  results  and  the  iu- 
flicht  pul  iiioii.irv  function  data.  In  gimeral,  the  jiosl-fligbt  ]jliysical 
e.xanunations  have  been  essentially  negative,  inchcating  little  or  no 
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immediate  iiilluence  of  the  atmospheric  composition  and  confinement 
in  the  simulator  on  the  crew.  .  ; 


.  '  Ppysjcal;:performance.of  all-ten  subjects  n;s.a„  group,  dssessed^^^^^^^^ 

j-by  the  constant  speed,  variable  angle  treadmill  test  of  Balke  (1952)  was 
not  affected  by  the  17-day  confinement  as  indicated  in  Figure  2.  There 
was  wide  variability  to  the  exercise  test  with  individual  responses  being 
both  positive  and  negative.  This  result  does  not  agree  with  previously 
reported  data  from  a  30-day  experiment  (Welch,  1961)  nor  with  the  results 
rei:)orted  by  Graveline  and  Balke  (1960)  following  a  7- day  water  immersion 

experiment.  v  '-  -. . 


This  comparison  can  be  extended  to  the  assessment  of  the  cardio¬ 
vascular  system  by  orthostasis  (Figure  3).  Orthostatic  tolerance  was 
determined  pre  and  post- experiment  by  roliiating  the  subjects  from  a 
horizontal  position  to  a  vertical  position  and  measuring  blood  pressure 
every  minute  for  seven  minutes  in  the  vertical  or  passive  standing  position 
There  appeared  to  be  a  slight  decrease  in  pulse  pressure  following  the  17- 
day  experiments  but  tolerance  to  orthostasis  was  not  altered.  The  slight 
drop  in  pulse  pressure  definitely  was  not  to  the  extent  reported  following 
the  hypodynamic  experiments  (4-6  mm  Hg  pulse  pressure).  /  _  - 

No  oxygen  toxicity  symptoms  pm*  ^  were  noted  following  the 
experiments  conducted  at  190  nirn  Hg  and  an  oxygen  partial  pressure  of 
174  mm  Hg.  X-rays  taken  10-50  minutes  post-flight  were  also  negative, 
although  arterial  oxygen  saturation  levels  taken  immediately  following  or 
preceding  the  x-ray  indicated  some  physiologic  shunting  of  blood  consis¬ 
tent  with  but  not  diagnostic  of  atelectasis  as  shown  in  Table  V.  These 
values  were  obtained  Iw  pre-breathing  each  man  for  5-10  minutes  with 
100' t  o.xygen  prior  to  obtaining  the  arterial  blood  sample. 

In-flight  pulmonary  function  measurements  have  not  shown  any 
-alterations  that  do  not  api^ear  to  be  directly  attributable  to  the  effects 
of  reduced  pressure.  A  brief  summary  analy.sis  of  tidal  volume,  vital 
capacity  and  maximum  In-eatliing  cajjacity  is  shown  in  Table  VI.  The 
in-flight  results  from  the  four  experiments  at  altitude  are  consi.stent, 
.showing,  wlu'ii  I'ompared  to  pre- flight  values,  an  increase  in  both  tidal 
volume  and  maximum  breathing  capai.-ity  and  a  decrease  in  vital  capacity. 
Duplicate  meaaures  ol  vital  capacity  did  nut  show  any  significant  differ¬ 
ences. 


The  ciilorii-  intake  data  is  shown  in  Table  VII.  It  should  be 
noted  th.ii  itu  i)re-etK;ked,  dehydrated  luotl  was  supplied  on  an  ad 
libitum  b.isis  in  an  amount  to  iirovifli-  in  excess  of  3.000  Kcal/ rnan/day . 
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n  The  only  stipulation  placed  on  food  consuniption'wa4.thSt  any  package 
-r,  opened  must  be  consumed  in  its  entirety.  Measured  caloric  intakes 
'  ’  ranged  from  1721  to  2585  Kcal/man/day  with  an  average  intake  of  2110 
'Kcal/man/.day.,,;  Tke.  per  cent  of  the  diet  composed  of  carbohydrate,  ;;;  " 

-  fat  |,nd  protein  was  55. 1%,  31. 2%  and .13. 7%.  respectively- 


Body  weight  changes  were  ob  served  in  both  a  positive  and 
negative  direction  as  measured  by  a  daily  calibrated  "bathroom-type" 
scale.  If  this  body  weight  change  were  tissue  with  a  caloric  equiva¬ 
lent  of  4  Kcal/gm,  the  measured  caloric  intakes  could  be  adjusted 
■■  (Table  VIII)  to  yield  a  corrected  x*ange  in  caloric  intakes  from  1919 
to  2851  Kcal/man/day  with  an  average  of  2283  Kcal/man/day.  Ex¬ 
pressed  more  definitively  in  terms  of  initial  body  weight,  this  would 
be  '32.  0  Kcal/Kg  body  weight/man/day.  This  level  of  activity  could 
be  compared  to  light  work  as  defined  by  DuBois  et  a^,  1960  (cited 
by  Buskirk,  19^0)  in  which  the  peak  tasks  are  approximately  five 
times  the  basal  level. 

The  relationship  between  total  body  weight  change  and  caloric 
intake  expressed  as  Kcal/Kg  body  weight/man/day  is  shown  in  Figure 
4  by  the  x's.  The  correction  of  the  caloric  intake  data  for  weight 
change  is  also  shown  in  Figure  4  (circles).  It  is  apparent  that  the  4 
Kcal/gm  correction  value  was  reasonably  accurate  as  indicated  by 
the  v'ertical  relationship  of  the  corrected  values. 


The  water  use  data  are  shown  in  Table  IX  and  averaged  1766 
ml/ man/ day  ranging  from  2236  to  1322  nil/man/day.  The  1766  ml/ 
man/ day  was  used  for  drinking  (1231  ml/man/day),  for  food  rehydra¬ 
tion  (380  ml/man/day)  and  for  personal  hygiene  (145  ml/man/day). 

It  should  be  noted  that  all  water  and  urine  data  were  obtained  by  the 
test  subjects  as  they  recorded  the  volume,  time  and  use  of  water 
and  the  volume  of  urine  produced. 

Calculated  water  balance  data  are  shown  in  7’able  X.  Water 
available  to  the  body  including  water  i)refornied  in  food  and  metal)oli{: 
water  averaged  1936  ml/man/day.  Average  daily  water  output  in 
urine  and  feces  was  1030  nil/nian.  If  the  body  were  in  water  balauee, 
this  would  yield  a  calculated  insensible  water  loss  of  906  ml/man/day. 

In  all  e.\])erimenls  but  17-5,  recycled  water  formed  a])pi-oximately 
80',  of  the  water  consumed.  No  obvi(.>us  dilfii  ultit.'s  havt-  bei.'u  noted  in 
the  cimsuniption  of  this  w:iter  ;ind  subject  act.‘ej)f:tnc('  has  bemi  good. 

Suniinary 

This  (U.scussion  of  man's  physiologic  necc.s.sitie.s  of  simulated 
lunar  flight  should  bi-  considered  applicabk'  to  actual  space  flight 


'  ;Phy8lol6glcJ<|M  In  5linu  lated  tunar  Flights  «« 
-  Dr  Billy  E.  Welch 


^  , ^-  situations.  the  dynamic  aspects  of  the  flight,  complete 

'•%ith  the  various  emotional  aspects  and  actualfisolation  from  the^mother  ’ 
planet  will  alter  the  picture  . somewhat.  Thjs  possible  or  probable 
altcrjitipi),,  Jioweyer  j,,^eatts  ttj^t' -^ahii^ 

''"^  fied  ks  clearly  as  posSiMe  ih  isimuiatof  s"  better  plan  for  ' 

_  space  flight  and  to  identify^ the  effects  of  at^ual  flights. 
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■  MAN?  S;kTMOSPHmiG':^  IN  A  SpACE  VEHICLE  '  '  '  '  ' 


Pressure  Control  4 

_  Oxygen  Partial  Pressure  Control 
Carbon  Dioxide  Partial  Pressure  Control  8-0  mm  Hg 

Temperature  Control  75-7pdqgrees_F 

Relative  Humidity  Control  60-40% 

Micro- Contaminant  Control —  Non- Toxic 


TABLE  H 

^K'SJ^.6TABOlic  requirements 
,IN-AEPACE  vehicle 


Energy 

Oxygen  Supply 
Water  Supply 


Liquid  and  Solid  Waste  Management 
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'•K  o 


17-1  17-2  17-3  ~ 


Total  Pressure  (mm  Hg)  :  ^90  1®^ 

Oxygen  Partial  Pressure  (mm  Hg)  176  173 


191  748  193 
173  156  175 


Carbon  Dioxide  Partial  Pressure  3.0  4.0  3.0  1.2  2.9 

,  ;:  .  ;  ^  '  (mm  Hg)  ,  .  ■^.:- 


Temperature  (degrees  C) 
Relative  Humidity(%)  . 


21.4  18.8  20.8  23.7  21.8 

•  50  77  55  ■  57  52 


TABLE  IV 

SIMULATOR  FLIGHT  SCHEDULE 


TIME 

SCHEDULE  I 

SCHEDULE  n 

0700- 

Medical 

Testing ' 

0900-1100 

Psychomotor 

1100-1300 

Psyehoraotor 

1300-1500 

Psychomotor 

1500-1700 

Psychomotor 

1700-1900 

Psychomotor 

1900-2100 

Medical 

Testing 

2100-0200 

Sleep 

Psychomutoi- 

0200-0700 

Psycliomotor 

Sleep 

SUBJECTS  ALTER.NATE  SCHEDULES  EVERY  24  HOURS 
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.  ^  .  r  _  :  V- .’ 

'  '  CiC  !  .  -  <•  ^  ^  - 

-  ’  ■  V  ■ '  •  ;  ARTERIAL  OXYGEN  SATURATION  (%)  ^ 

-'"'  Flight  — '  "'Sutyeht 

^  c-_  .n. ....  -  ---- 

'Post 

17-1  -  'T 

■* 

94.9 

“  '■  ’  ■  ■-"  \  ■^-  .‘  - 
,■•  '  .  ■  17-3  :^  ' '  y,/': 0.  :5' V7 

oo 

'  V-3  t> 

88:2 

100.7 

__ 

99.9 

JO.l 

'  '■"'  17-4  ■  '■  *■  '  .  ^'-^l-7'.''. 

•  c— .X,  '  ' 

100.0 

■'  ■  ■''  "  8 

97.0 

■  99.0 

17-5  9 

97.3 

100.0 

10 

98.  4 

101.  0 

*No  pro-flight  data 

TABLE  VI 

PULMONARY  FUNCTION  SUMMARY 

Ini  net ion 

Pro- Flight 
vs 

In-  Flight 

P 

Tidal  Volume 

(7)* 

0.01 

(1) 

ns 

\'ital  Capacity 

(7) 

0.  01 

(1) 

0.  05 

Maximum  Breathing  Capacity 

(8) 

0.  01 

Nuiiuji  r  li!  i^arcnthcsib 


number  ut  subjeetb 
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AVERAGE  DAILY  CALORIC  INTAKE 


Flight 

Subject 

Initial 

Weight 

(Kg) 

Average 
Daily  Intake 
(Kcal) 

Average 

Daily  Intake 
(Kcal/Kg  Body  Wt) 

.17-1 

1 

71.  0 

1980 

27.9 

2 

66.0 

1929 

29.2.:V_7 

17-2  . 

3 

68.2 

1922 

28.2  . 

4 

78.  5 

1957 

24.  9 

17-3 

5 

74.7 

1721 

23.  0 

6 

89.8 

2050 

22.8 

17-4 

7 

59.  5 

2549 

42.8 

8 

75.5 

2387 

31.6 

17-5 

9 

68.  2 

2016 

29.6 

10 

65.7 

2585 

39.  3 

AVERAGE 

71.7 

2110 

29.9 

I^hysiologit  Necessities  in  Simulated  lunar  Flights 
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AVERAGE  DAILY  ENERGY  REQUIREMENT 


Flight 

Subject 

Weight 

Change 

(Kg) 

Average* 
Caloric  Req;  ■ 
(Kcal) 

Average* 
Caloric  Req. 
(Kcal/Kg) 

17-1 

*  4 

-0.91 

2188  .  , 

30.8 

-  2 

'0 

1966  ' 

29.8'- 

17-2 

3 

-0.45 

2088 

30,.6_  . 

4 

-1.82 

24:36 

31.0 

17-3 

5 

-2.50 

2370 

31.7 

6 

-3.18 

2851 

31.7 

17-4 

1 

+  1.13 

2245 

37.7 

3 

tO.45 

2236 

29.6 

17-5 

9  " 

+  0.45 

1919 

28,1; 

10 

-rO.23 

2530 

38.5 

Averago 

2283 

32.0 

CtHTOt’tcd  fur  chuiitie.  assuiiiinii  4  Kcal/^ni  uf  wei^ld  cliaiii^c. 
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TABLE  IX 

AVERAGE  DAILY  WATER  USE  DATA 


Plight 

Subject 

Drink 

(ML) 

P'ood 

Dehyd. 

(ML) 

Pers 

Hyg 

(ML) 

Total 

(ML) 

17,-1 

;  1 

1400 

538 

127 

2065 

2 

1545 

403 

136 

2084 

17  2 

3 

872 

194 

256  ■■ 

1322 

4 

HOG 

187 

386  ; 

1679 

17-J 

5 

881 

437 

66  i; 

1384 

6 

1045 

388 

345 

1778 

17-4 

7 

1060 

430 

0 

1490 

S 

1229 

481 

22 

1732 

17-5 

<J 

1460 

354 

74 

1894 

lU 

1710 

493 

33 

2236 

Avci'iigo 

1231 

390 

145 

1760 
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1  '  AVERAGE  DAILY  WATER  BALANCE  DATA 


Flight 

Subject 

Available 
to  Body* 

(ml) 

Excreted 
by  Body** 
(ml) 

Water  Balance 
(Avail -Exc) 
(ml) 

17-1 

1 

2220 

1008 

1212 

2 

2240 

1374 

866 

17-2 

-  3 

1371 

687 

•684 

4 

1605 

777  , 

828 

17-3 

5 

1563 

854 

709 

6 

1724 

769 

955 

17-4 

7 

1864 

1121 

743 

8 

2055 

1211 

844 

17-5 

9 

2116 

1093 

1023 

10 

2603 

1405 

1198 

Average 

1936 

1030 

906 

‘Iiu'ludt’s  liciuuis  coiiJiuiued  vmIlt  added  U;  food,  water  in  fund  and 
water  formed  by  oxiri-  'i  ... 

•  'Iiu  ludes  water  in  r.  -u'  (avera^m  OtiO  inl/inan/ciay  and  feces  (averaaf 
■('U  ml  man  cLiy). 


to 


I  t  2.  A'.  I  rai;<  li.\<  r(  isi  TdlM  .iiici 
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N  (S>  ID  ^  ro  c\j 

PULSE  PRESSURE  mm  Hg 

1- 3.  Avt  ram-  Ortlni.staUc  'i'olci’ance  Data. 


TIME  -  MINUTES 


K  CAL7  kg  BODY  WEIGHT 
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,  ''Biomedical  Monitoring''  means  different  fhings'to  "different 
peopl'e^v  For  the  operational  situation  in  space,  biohiedicar  monitor¬ 
ing  implies  the  automatic  gathering  of  quantitative  information  relative 
to  physiological  functioning  in  the  intact  human  or  animal  in  a  form 
suitable  for  evaluation,  recording,  or  storage.  The  term  "physiolog¬ 
ical"  is  used  here  in  its  very  broadest  sense.;  ^ 


Automatic  monitoring  of  physiological  parameters  relies  at 
this  time  heavily  on  electronic  techniques  and  for  this  reason  has 
been  with  us  a  relatively  short  time.  Pioneering  efforts  at  biomedical 
mionitoring  were  seen  in  high  altitude  balloon  flights,  both  by  the  United 
States  Navy  and  the  United  States  Air  Force,  and  in  the  course  of  animal 
experiments  in  rockets  at  Holloman  Air  Force  Base  in  the  early  1950’ s. 
The  next  few  years  will  see  monitoring  techniques  used  on  a  largo  scale 
in  the  course  of  space  flight,  of  flights  in  high  performance  vehicles, 
and  on  hospital  patients. 


The  advent  of  semi-conductors  and  the  relative  case  with  which 
miniaturization  may  be  accomplished  in  circuits  employing  them  ac¬ 
counts  only  partly  for  the  interest  in  biomedical  monitoring  and  the 
strides  which  we  have  witnessed  in  the  past  three  years.  Sophisticated 
schemes  for  monitoring  physiological  iiJormation  in  an  operational 
situation  were  entirely  possible  with  vacuum  tube  techniques.  The 
impetus  for  the  recent. rapid  progress  in  monitoring  techniques  has 
been  provided  by  the  advent  of  manned  space  fliglit.  In  what  follows 
we  will  concern  ourselves  largely  with  biomedical  monitoring  as  it 
applies  to  space  flight.  .....  .  .  -  -- 

WHY  MONITOR  PHYSIOLOGICAL  INFORMATION? 

Many  of  the  mission  profiles  currently  In'ing  (•ontem])laled' in 
space  lend  themselves  to  modification  after  launch,  should  an  in-flight 
emergency  arise.  Typical  of  such  profiles  are  certain  orbital  flights 
in  whii'h  as  a  la'sult  of  an  in-fiight  emergency  of  one  kind  nr  anothm;, 
re-entry  at  other  than  the  scheduled  time  might  have  to  be  contenqilaled. 
The  decision  might  then  jiresmil  itself  as  to  whellier  to  re-enter  irnnieili 
alely  and  .'cci’pt  as  a  result  rf'covery  in  an  area  not  best  suited  fui’  that 


*The  contents  ol  this  paper  reflect  the  personal  ’-.  ie'.v.s  o!  tlu' 
•lutlior  and  are  not  to  iie  construed  as  a  stalemf  nt  o|  oliicial  t.'nited 
.''talcs  .Air  I  orce  policy. 
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purpoae,  or  else  continue  the  o».bit  until  such  time  as  recovery  could 
‘be  accomplished  under  more  favorable  circumstances.  Many  types 
of  emergency  calling  for  such  a  decision  could  affect  the  environmen¬ 
tal/ systemtpreyeftfthsejeTew  directly  v  lUflder:.  such- bircuinsta^^ 
knowledge  as  to  how  the  crew  was  tolerating  the  changed  environment 
from  the  physiological  point  of  vjew  might,  contribute  heavily  to  the 
operational  decision.  .  '  ’  »  , -  . 


In  the  past,  many  types  of  high  performance  vehicles  including 
research  vehicles  have?been  lost  without  a  clear  .^knowledge  as  to  the 
cause  of  the  catastrophe.  In  some  of  these  cases  incapacitation  of  .the 
crew  was  suspected.  However,  the  question  could  not  be  answered  as 
to  what  part,  if  any,  the  physiological  status  of  the  crew  played  in  the 
final  result.  The  cost  and  effort  involved  in  physiological  mpnitoring 
is  so  small  comparefl  to  the  cost  of  launch  for  a  space  mission  that 
uncertainty  as  to  the  physiological  Status  of  the  crew  inLa  hostile  en¬ 
vironment  may  no  longer  be  accepted  as  part  of  the  operational 
situation. 


In  justifying  the  use  of  biomedical  monitoring  as  part  of  the 
space  mission,  the  ai'guments  presented  above  have  been  used  in 
the  past  with  few  references  to  fundamental  physiological  research. 
Necessity  dictates,  however,  that  biomedical  monitoring  in  early 
manned  space  efforts  be  used  also  for  purposes  of  fundamental  physio¬ 
logical  research  and  that  it  be  justified  pax'tly  on  that  basis.  This 
necessity  stems  from  the  fact  that  man's  physiological  tolerance  to 
the  space  environment  cannot  be  determined  in  the  laboratory  with 
.the  same  ease  and  completeness  that  such  tolerance  could  be  investi¬ 
gated  for  atmospheric  flight.  Man's  environment  in  flight  in  the 
gtmo.sphere,  including  the  gravitational  environment,  has  been 
simulated  and  investigated  in  the  laboratory  in  most  respects  e.xcept 
possiljly  for  tlie  "stress"  phase.  In  the  space  environment,  man's 
physiological  functioning  in  four  important  categories  is  not  amenable 
to  investigation  in  the  laboi'atory  at  this  time.  The  design  of  future 
space  vehicles  and  mission  profiles  will  depend  to  a  largo  extent  on 
tlic  evaluation  of  physiological  data  gathered  in  the  course  of  our 
early  space  efforts.  The  main  environmental  conditions  which  wo 
can  at  the  pia’sent  time  not  simulate  in  the  laboratory  are  these: 

(1.)  Prolonged  weight le.ssness:  Simulation  of  some  of  the  effects 
of  weightlessness  is  being  accomplislnni  by  techniques  such  as  water 
immersion.  The  extent  to  which  these  conditions  duplicate  the  phy- 
siLilogimil  efli-cts  of  j. roll  aged  weightlessness  is  unknow’ii.  Validation 
of  these  techniques  v  ill  only  come  about  when  sulficient  physiological 
infe.rm.ition  is  colieeieti  under  condition  of  actual  weightlessness. 


wv-*.-.  --  -v'  — - - 
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•jEvery  indication  to  dato/points  to  prolonged  weightiessness  l^s  a  potent 
factor  in  altering  physiological  functioning  in  man.  ' 


^,«f2);:JPjolonged:aPcele^ 

will  Oe  found  in  space  craft  if  and  When  artificiar  gravity  Is  employed 
and  will  be  seen  in  any  case  on  the  surface  of  certain  planets;  such  . 
as  the  rhoon.  The  same  remarks  apply  here  as  apply >o  prolonged 
'-weightlessness.  .  ,  _  .  _  ,  _  f  -  :  . '■ 

(3)  Radiation:  The  radiation  environment  of  space  is  incomplc- 
tely^mapped  out  at  the  present  time  as  regards  both  the  intensity  and 
the  nature  of  the  radiation  encountered.  Exact  laboratory  simulation 
of  the  radiation  environment  is  not  feasible  at  this  time.  ■ 


'  (4)  "Stress"  :  As  has  been  demonstrated  in  high  performance 
aircraft  (Figures  1,2),  physiological  functioning  during  critical  phases 
of  flight  is  at  least  quantitatively  different  from  that  seen  in  the  labor¬ 
atory.  This  results  from  a  combination  of  factors,  such  as  alertness, 
which  are  here  loosely  grouped  into  the  term  "stress".  The  i^hysio- 
logical  reaction  referred  to  here  is  apparently  a  bona  fide  response 
to  a  difficult  and  threatening  situation  rather  than  to  the  physical 
environment.  Simulation  of  this  response  in  the  laboratory  is  difficult, 
impractical,  or  impossible.  It  is  not  anticipated  that  physiological 
functioning  for  the  entire  course  of  a  space  mission  will  be  dominated 
by  "stress"  effects.  Rational  evaluation  of  physiological  data  tele¬ 
metered  during  critical  pliases  of  the  niis.sion,  however,  will  depend 
upon  the  monitor's  knowledge  and  farniliarity  with  such  effects.. 

The  justification  for  the  use  of  biomedical  monitoring  on  space 
missions  is  thus  seen  to  be  based  on  considerations  of  operational 
safety  and  on  the  need  to  gather  data. which  will  bear  on  the  design  of 
future  space  vehicles  and  mission  profiles.  The  considerations  which 
apply  to  biomedical  monitoring  are  seen  to  be  i^recisply  those  which 
have  led  to  the  monitoring  of  engineering  parameters  from  high  per¬ 
formance  vehicles  and  .space  craft.  Biomedical  monitoring  need  not 
in  the  future  be  justified  as  a  separate  entity.  The  reasons  which 
ct)mpel  us  to  monitor  engineering  variables  from  sjjace  craft  apply  in 
their  entirety  to  biomedical  monitoring.  Just  as  the  evaluation  of  data 
tolemetered  from  Space  leads  to  a  constant  redesign  of  the  engineering 
components  of  a  space  vehicle,  so  the  evaluation  of  phy .siological  data 
will  lead  to  modification  of  human  tolerance  l)y  means  of  ])rot('ffi\'(' 
devici’s  .such  as  those  which  h.ive  made  atmosiiheric  1  light  possible 
lor  the  crew. 


“r:  Mojjjltorlng  In^lfght  \ 
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r  V  .'  ^  The  state  of  the  art  in  biomedical  monitoring  is  determined,  by 

.,. , . .  the  degree  of  success  thatJias  been  achieved  ih-thi'ce  distinct  and  ,  , 

;  ;:  important  areas:  —  .  ,  ,  . 

'  -  (1)  The' choice  or  the  development  of  physiological  parameters, 
''v  the  monitoring  of,^  whj^h  will  yield  useful^nd  specific  information. 

(2)  The  development  of  small,  ligbtsand  reliable  sensors  with 
which  to  hwiiitor  these,  varjliblea- .  .  -  .  ■  ■  ■ 


(3)  The  development  of  techniques  for  interpretation  of  physio¬ 
logical  iirformation  which  will  allow  for  a  maximum  of  information  to 
be  derived  from  measurementa  niade  in  fl^t.  _ 

\.  ,v  '  -  -  -  '  *  •  ..  . 

The  foregoing  is  simply  a  way  of  stating  that  physiological  para¬ 
meters  for  use  in  biomedical  monitoring  must  be  chosen  in  such 
manner  that  information  derived  from  them  is  unequivocally  interpre- 
tahle  as  well  as  being  descriptive  of  the  functioning  of  important  organ 
syst('ms.  In  addition,  the  choice  of  parameters  must  be  governed  by 
the  knowledge  as  to  whetlier  or  not  reliable  sensors  exist  with  which 
to  measure  tlicm  or  whether  such  sensors  can  be  developed  within  the 
near  future. 


At  the  present  time  the  parameters  shown  in  the  right  hand 
column  of  Table  1  could  be  monitored  in  a  fairly  practical  way  in 
the  in-flight  situation.  It  is  seen  that  12  channels  of  telemetry  or  on¬ 
board  recording  are  required,  of  which  9  channels  must  be  wide  band 
cliannels  and  1  channel  mu:St  be. a  very  wide  band  channel.  At  the 
present  time  at  the  SchooT  of 'Aerospace  Medicine  only  the  3  parameters 
sliown  in  the  left  hand  column  are  being  monitored  routinely  and  in.wliat 
follows  it  will  become  clear  what  lead  to  the  choice  of  those,  1  para-..  . 
meters.  .  ..-  --■‘r-."' 


(1)  The  parameters  sliown  on  the  left  can  be  measured  with  a 
great  deal  of  relial)ilily.  The  weight  penalty  involved  in  obtaining 
them  i.s  small.  Tlie  total  .sy.stein  shown  on  tlie  left,  assuming  that 
i-ompi-es.sed  ga.s  is  ;ivnjlabie  abi).nrd  the  vehiele,  amriiints  tn  less  than 
10  lbs.  Turtlier,  sensors  for  monitoring  these  three  parameters  are 
reasiMiably  prai  tical  and  small. 

(2)  The.se  ])aiameter.s,  in  contrast  to  senne  stajwn  in  th(‘  right 
hand  (  (.jiumn,  are  unequivocally  inteipretable  and  it  is  not  likely  that 
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they  will.be'iothrpretedin  different  manner  by  different  observers 
working  under  the  pressure  cf  an  operational '%ti^tion. 


„  ,  {3).  I^atjViand probably  most  importaht'from  ljhe-'Og'e^a&onal' 

^  '  point  of  view,  operational  go- no-go  limits,  even  though  very  wide, 

1  IS,:  anay  be  set  for  each  crew  member  for  these  parameters. 


Jhe  combination  of  the  3  parameters  shown  on  the  left  gives 
us  a  rough  estimate  of  cardiorespiratory  performance  with  minimum 
...  weight  penalty.  The  information  derived  is  suitable  for  very  rapid 
^  .^evaluation  and  for  presentation  to  the  monitor  in  a  simple  and  • 

.-  straight  forward  fashion.  Failure  or  marginal  function  of  the  circula- 
,  tqry  and  in  some  cases  the  respiratory  system  is  certain  to  be  indic¬ 
ated  and  at  times  predicted  from  an  interpretation  of  these  three  , 
parameters.  Correlation  of  information  derived,  with  vehicle  para-  , 
meters  and  environrhental  variables  is  certain  to  yield  highly 
•  “  meaningful  information  upon  which  to  base  the  design  of  future  mission 
5  profiles.  v 


In  a  much  more  sophisticated  system,  such  as  the  one  shown 
on  the  right,  it  is  clear  that  the  weight  penalty  would  be  great.  In 
addition,  sensors  adequate  to  record  all  these  parameters  would  en¬ 
cumber  the  astronaut  in  a  significant  way.  Third,  because  of  tlie  larger 
number  of  sensors  and  the  relatively  embryonic  state  of  development 
of  sensors  for  certain  parameters,  reliability  of  this  system  would 
be  low.  And  last,  our  knowledge  of.  the  interpretation  of  the  physiologic 
cal  parameters  shown  on  the  right  hand  side  is  such  that  as  regards 
the  cardiorespiratory  system  little  significant  infoimation  would  be 
gained  over  and  above  that  derived  from  our  simple  system.  The  . 
information  derived  from  the  two  parameters  (EEC  and  GSR),  describ¬ 
ing  certain  facets  of  tlie  operation  of  the  central  nervous  system,  would  ' 
not  be  unequivocally  interpretabls.  The  large  cost  of  television  in  terms 
of  band  width  and  weight  might  well  be  justifiable  on  other  grounds  but 
not  on  the  basis  of  jjhy.siologic.al  information  derived  fi'om  examining  a 
television  picture. 


■A  .shoji  review  of  tlie  .state  of  tlie  art  a.s  it  eonceriiH  each  para¬ 
meter  sliould  serve  to  solidify  the  j)oints  made  above. 


(1)  ECG.  Elect  rocardiogiain  IS  u.sually  obtained  at  tin,' ]H’esent 
time  by  me.in.'.i  of  a  single  leatl  (stcriuil)  consisting  of  3  dect  rodc.s.  tach 
of  wliich  is  le.ss  than  1  -I  incli  in  diameter  and  less  than  1,  H  incli  in  height. 
These  .sen.sors  do  not  retiuirc  sha'.ing.  Artelact  free  fracings  are  ob¬ 
tained  which  allow  tin  measurement  of  heart  rati-,  ilie  defei-tion  of  ai  rhy- 
thmias,  and  the  detection  t.'f  gross  myocardial  damage.  -A  small  increast 
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^  in  reliability  and  interpretability  is  obtained  by  adding  another  lead 
I  necessitating  a  total  iof  5  sensors  on  the  thorax.  (4)  Obtaining  vector- 


car  diogram.components  of .  laboratpry  quality  wpuid  riecessit^tO,^ 

'total  of  4  leads  with  a  total  oflS  electrodes. ifYlIiaWrity'tverete^^^  ^  “ 


maintained.  The  interpretation,  of  vectorcardiogram  components  today 
is  not, as  unequivocal  as  the  interpretation  of  a  single  sternal  lead,  and 
in  addition,  a  vectorcardiogram  of  laboratory  quality'is  not  likely  to 
be  obtained  on  an  active  subject.  For  that  reason,  as  well  as  because 
of  the  increased  cost  in  terms  of  wide  band  cliannels,  recording  of 
vectorcardiogram  routinely  during  space  flight  is  not  advocated  at 
this  time. 


(2)  Blood  Pressure.  The  electrocardiogram  will  give  indica¬ 
tions  of  certain  types  of  physiological  decrement.  However, marginal 
cardiovascular  operation  and  indeed  cardiovascular  collapse  may  present 
itself  in  the  presence  of  a  near  normal  electrocardiogram.  Blood  pressure 
in  this  respect  is  extremely  valuable,  ft  is  unlikely  that  cardiovascular 
collapse  will  be  overlooked  in  the  presence  of  ECG  and  blood  pressure 
information.  Tiie  reliability  of  the  blood  pressure  ajoparatus  developed 
and  used  at  SAM  is  such  that  blood  pressure  is  likely  to  be  readable  under 
the  most  difficult  conditions  anticipated  during  .space  missions  (3,2). 

Blood  pressure  measurement  at  this  stage  requires  an  occluding  cuff  and 
it  is  hopc'd  that  an  equivalent  measurement  will  be  obtained  within  the  near 
future  witliout  the  use  of  such  an  occlusive  device. 


(3)  Quantitative  Respiratory  F'low.  The  type  and  the  intensity  of 
linear  accelerations  encountered  during  space  missions  make  it  extremely 
de.sirable  that  pulmonary  ventilation  be  monitored  in  some  way.  When  the 
crew  is  wearing  an  oxygen  mask  or  when  the  pressure  suit  face  plate  is 
clusdd,  it  is  possible  to  record  quantitative  respiratory  flow  by  simjjle 
means.  This  will  give  an  indication  of  the  onset,  either  of  hyperventila¬ 
tion  or  of  inadequate  pulmonary  ventilation.  In  the  shirt  sleeve  situation 
or  in  tlio.se  in.stances  when  the  pressure  suit  face  plate  is  open,  measure¬ 
ments  are  limited  to  respiratory  rate.  This  information  is  not  nearly  as 
useful  as  quantitative  re.spiratory  flow.  Very. high  respiratory  rates  may 
occur  in  tlie  piresencc  ol  inadequate  pulmonary  ventilation.  Quantitative 
iiH-asurement  of  resinralory  flow  in  the  shirt  sleeve  environment  is  not 
a  reality  tod.iv,  although  it  is  hoped  that  impedance  plethysmograjihy 
will  solve  that  iiroolem  for  us  in  the  near  future. 


;4.!  I'ulse  \'i  liicit'. .  The  interest  iii  pulse  velocity  has  been 
la  n  ed  tiuriim  the  pasi  ve.ir  in  the  hope  tliai  a  solid  relatioiishiij  be- 
iwct  r,  billed  pre.sssre  .Old  piil.-^e  velocity  could  be  estaiil ished.  Should 
such  a  rclair iiishii ■  In-  del l.■|■nlmed,  then  the  iiee'd  for  an  occluding  cull 
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.  in  obtaining  blood  pressure  would  no  longer  exist  and  blood  pressure 
measurement  on  long  space  missions  would  become  much  moi’e  prac¬ 
tical.  The  magnitude  of  the  pulse  velocity  is  determined,  not  only  by 
,,,j^4it-tie,  bloodpre§§wre,  however  j:  but  also  byiJhe  physical  properties' o^ 

■  '''“arteriai  wails.  Under  different  physiological  situations  these  proper- , 
ties  have  been  known  to  change.  It  is  unlikely  that  pulse  velocity  can 
be  related  to  blood  pressure  under  all  circumstances.  In  some  pre- 
-.  liminary  work  done  in  flight  it  appears  that  pulse  velocity  can  be 
'  related  to  blood  pressure.  However,  this  has  been  observed  under 
a  very  restricted  set  of  physiological  conditions,  that  is,  fairly  high 
peripheral  resistance..  It  is  unlikely  that  the  same  correlation  will  ^ 
hold  true  either  on  the  treadmill  or  in  the  heat  chambers.  In  view  of 
this,  some  now  advocate  the  use  of  pulse  velocity  as  being  descriptive 
of  certain  phases  of  cardiovascular  function  v/ithout  necessarily  any 
relation  to  blood  pressure.  An  ambitious  laboratory  program  is 
necessary  in  order  to  determine  the  place  of  pulse  velocity  measure¬ 
ments  in  biomedicarmonitoring  for  space  flight. 


(5)  Heart  Sounds.  Heart  sounds  can  give  ancillary  information 
concerning  cardiovascular  function.  In  addition,  the  picsence  of  a  , 
large  amount  Of  fluid  in  the  alveoli  would  probably  be  detected  by  a 
t:ardiac  microphone.  Since  there  exists  some;  doubt  as  to  liow  well 
fluids  will  be  handled  in  the  pulmonary  tree  during  weightlessne.s.s, 
the  measurement  of  heart  sounds  has  more  than  one  factor  to  recoin- 
mond  it.  Heart  sounds,  in  addition,  are  quite  easy  to  measure  and 
require  only  a  very  small  sen.sor.  This  sensor  could  b(‘  combined 
witli  an,  ECG  electrode. 


(6)  EEC.  From  a  clinical  point  of  view,  much  information 
can  b(?  derived  from  the  cleclrocncephalogi’ain.  It  is  (\s])ecially 
useful  in  pathological  slates.  In  the  normal  individuaf,  it  will  among 
other  things  give  a  rough,  estimate  of  the  hn  el  yf  consciousness. 
When  more  subtle  differentiations  are  to  bu  made  between  levels  of 
consciousness  or  the  state  of  awareness,  then  the  interpretation  is 
not  likely  to  be  as  uniform  among  diffeient  observers.  When  one 
I'ouples  these  fact.s  with  the  consideration  that  h'EG  polmifials  are 
fully  one  ui'dcr  of  magnitude  smaller  than  ECG  potentials,  then 
it  Ijecomt's  apjiarent  that  monitoring  EEG  under  sjiacc  flight  con- 
ditiiM'is  iS  Uiit  w.ii  1  .iiiieii  ijv  the  aniouni  of  infoi  niat i on  to  be  derrred 
from  It,  espenallv  on  I'arl y  flight.^.  EEG.  houe-.i  r,  remani.sas 
one  ol  our  lie.-'l  liop(  .-1  lor  iiiomi  oj-iny  the  ceiUial  111!  .oils  .s\.'->tein 
.iiui  .in  .imlniirais  i.iiiornii  rx  jiro.gram  to  jh  rfi  ci  iM  iu  El.f;  ti  i  hniques 
.ind  EEG  ml  el  prei.ii  ion  i...,  jusidiiil  at  iln;  nmi  . 


i7  '  Cj.sIG  I'll,  ri-mai  i'.s  v.iii 
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able,  and  it  is  also  assumed  that  environmental  parameters  are  being 
monitored.  Regarding  voice,  it  is  obvious  that  if  only  one  channel 
were  available  for  monitoring,  it  would  have  to  be  voice.  However, 
experience  in  high  performance  aircraft,  especially  experience  re¬ 
lating  to  hypoxia,  makes  it  quite  clear  that  the  crew  member  is  a 
very  poor  observer  of  physiological  happenings  in  himself,  especially 
in  case  of  an  emergency.  ■'‘As  was  seen  in  the  course  of  flights  during 
World  War  I  in  which  hypoxia  was  almost  a  daily  occurrence  onij. cer¬ 
tain  missions,  it  is  possible  for  a  crew  member  to  function  maj!|inally 
in  a  physiological  way  for  hours  at  a  time  without  being  aware 
except  for  a  vague  recollection  of  ill  feeling  and  subsequent  feelx.'l^h’ 
of  tiredness  and  malaise.  Regarding  environmental  paramcters'l'f  . 
should  be  clear  that  a  rational  evaluation  of  phy.siological  pai’ampters 
monitored  from  a  space  vehicle  is  impossible  without  a  knowledge  of 
the  environment.  Values  for  heart  rate,  liiood  pressure  or  respira¬ 
tory  flow  wliich  would  be  wcH  within  acceptable  limits  in  a  certain 
environment  miglit  be  indicative  of  a  hirj’e  decrement  in  physiological 
performance  given  an  other,  slightly  different  envh’onment, 


f .  ' 


IN'TERPRETAl'ION  OF  DATA 

Interpretation  of  physiological  data  gathered  in  fliglit  bears 
many  obvious  similarities  to  interpretation  Of  data  gathered  in  a 
clinical  situation.  The  most  important  difference  in  interpretation, 
however,  between  the  clinical  and  the  in-flight  situation  is  that,  in  the 
course  of  space  flight,  the  environment  will  in  all  cases  be  radically 
different  from  that  under  which  our  clinical  baseline  norms  were 
gathered.  In  the  course  ('f  space  flight,  the  crew  will  be  subjected 
either  to  high  linear  accelerations,  or  cl;-;e  it  will  lie  weightless,  or 
nearly  .so.  In  adrliliun.  the  gaseous  eiu  irummait  is  likely  to  be  quite 
diltereni  from  that  .si  en  in  tlu-  (•’linical  situation,  even  if  environmental 
systems  are  operating  projierly.  Diet  and  fluid  intake  is  likely  to 
Ilea  r  .significant  dii'fcrcncc.v.  to  tliat  si'cn  in  ttn^  clinical  situation  and, 
tinally,  the  level  ot  alertness  or  "stres.s"  during  critical  iiarts  of  the 
mission  vill  be  widelv  dillerent  from  that  under  which  patients  are 
normal! V  e.vamim-d. 


Tile  preceding  sin.|;l;.  pinni.'--  out  that  if  v.c  an  to  rationally 
e\..lu.\;e  data  satin  red  in  tin  couise  el  sj^ace  lliglit  w(  must  arm 
eur.-ei.i  s  iiii  in  ■'norms”  as  a  b.o'kia'ouiu;  troni  which  to  mala 
e'.ir  lucis.'ment .  fi  r  tn  airi  rat(  ,  i.'lood  prtssuia  or  rispiratorv 


£1(d\v  during  boost  and  re-entry  can  be' doter mined,  and  to,  a  gbeat  ex-  ,' 
tent  have  been  determined,  ..on  the  centrifuge.'  Ho\vever,  a  large ^body  ' 
of  data  remains  to  be  gathered  on  eaply  space, flights  relative  to  cardio¬ 
respiratory  or  other  n6rras;:inrthe”weightless  environment v  l^ 
states  of  heightened  alertness  such  as  exist'..during  :ccitical  phases  of 
X-15  missions  and  in  our  F-lOO  research  aircraft  at  the  School  of 
Aerospace  Medicine,  physiological  functioning  has  been  shown  to  be 
at  least  quantitatively  markedly  different  from  that,  seen  in  the  clinical 
situation.  As  a  result,  existingjclinical  norms  for  bloOd  pressure  and 
"heart  rate  are  all  but  useless  to  us  in.  the  infligiu  situation.  Figures 

1  and  2  make  this  point  very  clearly.  .  In  Figure  1  the  composite  heart 
rates  for  4  X-15  flights  are  shown  (1).  Neither  the  level  nor  the  direc¬ 
tion  of  the  resultant  accelerations  are  shown  on  these  graphs  and  it 

is  safe  to  say  that  some  of  the. increase  in  heart  rate  is  due  to  accelera¬ 
tions  above  1  g,  both  transverse  and  positive.  However,  the  magnitude 
and  the  duration  of  accelerations  encountered  do  not  begin  to  account 
for  the  heart  rates  seen  here.  It  should  be  kept  in  mind  that  clinical 
norms  for  heart  rate  are  all  below  the  level  of  the  abscissa  on  this 
graph.  Heart  rates  such  as  these  could  not  be  reproduced  in  the  non¬ 
exercising  patient  ..ndor  clinical  circumstances  without  the  use  of  drugs. 
Figure  2  shows  the  respiratory  rates  for  4  X-15  flights.  When  it  is 
kept  in  mind  that  the  normal  respii’atory  rate  is  approximately  16  pei” 
minute,  this  figure  will  be  seen  to  illustrate  again  the  fact  that  clinical 
norms  arc  inadequate  in  the  in-flight  situation.  Admittedly,  X-15 
flights  are  particularly  exciting  as  well  as  being  very  short,  and  cer¬ 
tainly  one  would  not  expect  values  such  as  these  for  long  periods  of 
time  during  space  flight.  Figure  3,  however,  shows  a  plot  of  blood 
pressure  and  heart  rate  during  F-lOO  flights,  averaging  approximately 

2  hours.  The  results  of  10  flights  are  shown  as  as  can  be  seen  from 
the  heart  rate  plot,  these  flights  were  not  particularly  exciting  ones. 
Indeed,  most  of  these  were  under  VFR  conditions  and  severe  weather 
was  encountered  only  for  a  very  short  portion  of  one  flight,  at  altitude. 
Yet  it  is  seen  that  the  blood  pressures,  e.specially  diastolic,  are  almo.st 
entirely  outside  the  range  of  clinical  norms.  Such  blood  pressures, 
when  seen  on  clinical  patients,  would  carry  with  them  a  grave  ijrognosis. 
Here  again,  the  iieccs.sity  for  obtaining  new  norms  becomes  quite  evi¬ 
dent.  Rc'garding  interpretation  of  data  in  biomedical  monitoring  then, 
three  iioinls  an.'  madi-: 

1.  Physiological  baselines  must  be.  gathered  for  the  in-flight 
Situation. 

2.  Wdrk  dune  in  our  researcli  aircraft  at  SAjM  indicate  that 
b>r  each  ituiivuiual  subiect  there  are-  certain  charticterislic  blood 
prr.s.s'jfes  aiui  heart  r.iti-s  for  different  phases  of  flights. 


